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(54) INTERLAYER FOR LAMINATED GLASS AND LAMINATED GLASS 

(57) The present invention has it for its object to pro- 
vide an interiayer film for laminated glass and a lami- 
nated glass which shows a much decreased extent of 
blushing of tiie peripheral r^ion thereof even when 
placed in a htgh-humldity atmosphere, without compro- 
mise in those fundamental performance characteristics 
which are required of laminated glass, such as transpar- 
ency, weather resistance, adhe^on and penetration 
resistance. 

The present inverrtion is related to an interiayer film 
for laminated glass comprising a plasticized pc^(vinyl 
acetal) resin and having the haze after 24 hours of 
immersion is not more than 60% when said interiayer 
film with a thickness of 0.3 to 0.8 mm Is Immersed in 
water at 23"C. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to an Interlayer film for lamiriated glass and to a laminated glass in which said 
interlayer film for laminated glass is used. 

BACKGROUND ART 

10 [0002] Laminated glass comprising at least two glass sheets and a plastidzed poly(vinyl butyrai) interlayer film 
sandwiched therebetween has fundamental characteristics required of laminated glass. For example, it has good trans- 
parency, weather resistance, bond strength, and penetration resistance. It hardly allows Its fragments to scatter. Thus. 
It has so far been widely used as the windshields of automobiles or bu3dings. for instar^^e. 

[0003] While laminated glass of this kind is excellent in fundamental characteristics such as mentioned above and 
f5 in safety, it is poor hi moisture redstance. Thus, when the above-mentioned laminated glass is used in a high humidity 
environment, a problem may arise; namely, the interiayer film in the peripheral region of the laminate may whiten, since 
tfie peripheral edges of laminated glass are in direct contact with the environmental air. 
[0004] This phenomenon of blushing is associated with the adcftive used tor adjusting the bond ^ 
the interiayer film and the glass, as mentioned below. 
20 [0005] Inorderthatthelaminatedglasswnll sufficiently dischargetheft^ it is necessary to 

acQust the bond strength between interiayer film and glass so that it may fall within an adequate range. Thus, if the bond 
strength between interiayer film and glass is too weak, glass fragments formed upon breakage due to an external shock 
may peel off from the Interiayer film and scatter to increase the risk for Injuring Hie human bodies and other objects. If, 
conversely, the bond strengtii between interlayer film and glass is excesavely high, the glass and interiayer film tend to 

29 break simultaneously upon receiving a shock load whereupon glass fragments accompanying fragments of the inter- 
layer fBm will scatter, thus Increasing the risks for injuring the human bodies and other objects. 

[0006] On the contrary, when the bond strength between interiayer film and glass is within an adequate range, 
breakage of glass occurs over a wide area and results in concunent partial Interfiacial peenng of the Interiayer film and 
glass from each other and elongation of the Interte^er film, and these phenomena are effective in Increasing the resist- 

30 ance against shock and penetration. 

[0007] Thus, in order to insure that, taking a traffk; accident involving an automc^He as an example, the shock to 
the driver and/or passenger may be absortjed, the risk for their being hauled through the broken windshield may be pre- 
vented or, in the case of an accfdent related to a building, the penetration of flying objects against the vi^ndow pane or 
scattering of broken glass fragments may be prevented, the bond strength between interiayer film and glass must be 

35 judiciously controlled within said suitable range. 

[0008] In view of the foregoing, various bond strengtii control agents for fhe Interiayer film have so far been inves- 
tigated in order to acQust the bond strength t)etween interiayer film and glass to a level within an adequate range. 
[0009] . Thus, for example, Japanese Kokoku Pubrication Sho-46-4270 proposes an interiayer film for laminated 
glass whidi comprises a po1y(vinyl acetal) resin composition containing 0.2 to 0.6% by weight of water and a specific 

40' amwjnt of a specifk: meta! alkylcarixwylate as a bond strength control agent. The bond strength t)etween the interiayer 
film and glass according to the abavs proposal is adjusted to an adequate range tjy varying the proportions of the metal 
alkylcart>oxylate distributed in the superficial layer of the interiayer film and in tfie inside layer of the interiayer film or 
varying ttie water content of tiie interiayer fflm. 

[001 0] The metal alkyteartioxylate-containing interiayer film such as proposed In the above publication, however, Is 
45 low in moisture resistance, and the laminated glass manufactured tuy using said interiayer film has a problem in that 
when allowed to stand in a high4iumidity atmosphere, it tends to undergo severe blushing due to moisture absorption 
by the interlayer fflm as the metal alkylcarboxylate content Increases since the interiayer film is in direct contact with air 
in the peripheral region of the laminated glass. The phenomenon of blushing of the interiayer film may l>e prevented by 
decreasing the amount of tiie metal atkylcart>oxylate as far as possible or avoiding the use thereof but, in that case, 
so there occurs a problem crucial for the laminated glass tiiat tiie bond strength between interiayer film and glass exceeds 
tt)e proper range and is ready to allow simultaneous breakage or penetration of the glass and Interiayer film upon 
recleving to an external shock bad or the like. 

[0011] In Japanese Kokoku Publication Sho-44-32185, there Is proposed an Interiayer film for laminated glass 
which comprises a molded poly{ vinyl acetal) resin having a water content of 0.1 to 0,8% and containing 0,01 to 3 parts 
55 by weight, per 100 parts tyy weight of fhe resin, of at least one organic add selected from among monocarboxylic acids 
containing 6 to 22 cartoon atoms, dicariaoxylic acids containing 4 to 12 cart}on atoms, aliphatic monoaminomonocarixac- 
ylic acids containing 2 to 6 carbon atoms, aliphatic monoaminodjcarboxyfic acids containing 4 or 5 cariDon atoms, citric 
acid, and mixtures thereof. 
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[0012] However, this interlayer film has the drawbadc that the adcfition of such a cart)oxyltc actd causes the bond 
strength to change with the lapse of time. Moreover, another problem may arise; the add may adversely af^ tiie heat 
resistance and weather resistance of the Interlayer film. 

[0013] Japanese Kokoku Publication Sh&48-5772 cfiscloses a laminate glass comprising at least two glass sheets 
5 glued together by means of a plastictzed poly(vinyl acetal) resin composition, said plasticized poly(vinyl acetal) resin 

composition contains the sodium metal salt of an aliphatic carboxylic acid containing 10 to 22 cartoon atoms. 

[O01 4] Furthemiore. in Japanese Kokoku Publication Sho-63-1 8207, the use is proposed of an alkali nr)etal or alka- 

line earth metal salt of a monocarboxytic or dicartxixylk: add as a bond strength control agent In the plasticl2^ 

poly(vinyl acetal) resin interlayer film. 
10 [001 5J In either of the above two proposals, a metal salt of a carboxyiic acid containing a relatively large number of 

carbon atoms is used as the bond strength control agent» since such salt is readny soluble in the plasticizer contained 

in the interlayer fiim. 

[0016] However, when a metal salt of a carboxylic acid containing a large number of cartx^n atoms is used as the 
bond strength control agent, there occurs a problem that the bond strength between interlayer film and glass changes 

15 with the lapse of time. Thus, even when the bond strength is adequate initially, the bond strength will gradually decrease 
with the lapse of tirne and the glass wilt readily undergo peeling when it receives a shock. For preventing this decrease 
In bond strength, it Is necessary to mature the interlayer film by storing the same tn an atmosphere of 40 to 50**C for 1 
to 2 months, for instance. However, since the interlayer fUm has tackiness and a tendency toward self-adhesion, it is as 
a matter of fact difficult to store the interlayer fflm in such an atmosphere as mentioned above for a long period of time. 

20 Even If the maturing is performed, the decrease in bond strength with the lapse of time can be retarded but cannot be 
made nl, and the problem mentioned above still remains. 

[0017] Japanese Kokal Publication Sho-60-210551 discloses a laminated glass comprising at least two glass 
sheets glued together by means of an interlayer film composed of a plasticized poly(vinyl acetal) resin containing, or 
carrying as adhered thereto, 0.02 to 0.40 part by weight of ttie potassium salt of a monocartx)xyilc acid containing 1 to 
25 6 cart>on atoms and 0.01 to 0.26 part by weight of a mocfified ^licone oQ per 1 00 parts by weight of said resin. Certain 
metal saKs. however, may cause blushing of the laminated glass due to tihieir coagulation in the fonm of partides within 
the Interlayer film. Therefore, from the viewpoint of long-tenn prevention of t>lushlng resulting from moisture absorption, 
said laminated glass cannot be said to be a perfect one. 

[OOiq In Japanese Kokoku Pid^llcation Hel-02-41547, ttiere Is prcposed a po1y(vlnyl butyral) sheet in whk^h an 
90 alkali or alkaline earth metal salt of formk: acid is used as the bond strength control agent Furtinermore, in Japanese 
Kohyo Publication Hel-06-502594, an interlayer film containing potassium acetate added as a t>ond strength control 
agent is used in the examples of its specification. 

[0019] In the tiiree proposals mentioned above, a metal salt of a carboxylic acid containing a relatively small 
number of carbon atoms is used to overcome the problems mentioned above in relation to the use of a metal salt of a 

35 carbcKcylic acid containing a large numt>er of carbon atoms. 

[002(q When a metal salt of a carboxylic add containing a smalt number of carbon atoms is used as the bond 
strength control agent, the problem of the decrease in bond s^gth between Interlayer fUm and glass with lapse of time 
can Indeed be sdved but the moisture resistance of the Interlayer film becomes insufficient and, as a result, another 
problem, namely tiie peripheral (edge) region of the laminated glass tends to undergo blushing due to absorption of 

40 moisture. 

[0021] More spedficafly, tiie interlayer film Is generally capable of absorbing moisture under ordinary atmospheric 
(humidity) conditions and. ttierefbre, in using it in the manuliacture of a laminated glass, it is common practice to submit 
the interlayer film to the lamination process after adjusting its water content to not more than about 0.5% by weight in 
an atmosphere of 25% RH. tor instance. Since, however, the peripheral region of laminated glass are generally 

45 exposed, the interiayer film absorbs moisture in a high-humkiity environment, whereby the water content Increases to 
about 2 to 3% by weight. On that occasion, water gathers around minute crystals of said metal salt of a carboxylic acid 
containing a small number of carbon atoms, such as potasskjm acetate, magne^um acetate or potassium formate, as 
occurring in the interlayer film, to cause blushing. If the addition amount of the carboxylic acid containing a small 
number of carbon atoms or a salt thereof is decreased to prevent blushing, tiie borKi strengtii between interiayer film 

so and glass will deviate from the proper range, hence the shock absort^ing potential, penetration resistance and ottier 
properties of the laminated glass will become insuffident. 

[0022] In Japanese Koksu Publication Hei-05-1 86250, an attempt is made to improve the carboxylic acid salt-con* 
taining interlayer film in respect of blushing by using an Interiayer film for laminated glass which Is composed of a resin 
composition comprising a poly(vinyl acetal) resin, a plasticizer, an alkali or alkaline earth metal salt of a mono-or dbar- 
55 boxylic acid containing not more than 12 carbon atoms and an organic acid. 

[0023] Furthermore, in Japanese Kokai Publicatbn Het-07-41 340. an interiayer film for laminated glass is proposed 
which Is formed from a resin composition comprising a poly(vinyl acetal) resin, a plasticizer, a cartsoxylic acid metal salt 
and a straight-chain fatty acid. 
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[0024] The laminated glass including the intertayer film for laminated glasses according to the above proposals 
show reduced degrees of blushing In the peripheral region in moisture resistance testing but the extent of reduction in 
blushing is yet unsatisfactory. Moreover, if the content of the straight-chain fatty acid is increased for further reducing 
the degree of blushing, foaming and/or discoloration may possibly occur when the laminated glass Is exposed to a rel- 
atively high temperature. 

[0025] While the interlayer films proposed in the above-cited publications are results of attempts to solve the blush- 
ing problem by improving the bond strength control agent, those interlayer films which contain no bond strength control 
agent also whiten as a result of moisture absorption. Our recent research works have revealed that those impurities 
mentioned below in the resin are involved in the blushing phenomenon as one of the causes thereof. 
[0026] The Interlayer film for laminated glass of the present invention comprises a poly(vinyl acetaO resin as the 
main component thereof. The process for producing poly(vinyl acetal) resins comprises a step of neutralization. In this 
neutralization process, an aqueous solutfon of sodium hydroxide, sodum hydrogen carbonate or the like sodiurii salt is 
used. When the sodium salt is used in excess or when another sodium salt Is formed as a result of neutralization, the 
sodium salt may remain in the product poly{vinyl acetal) resin. This reskJual sodium salt forms particles during polym- 
erization and/or drying, and those particles promote the aggregation of water on the occasion of water absorption by 
the poly(vinyl acetal) resin, hence serve as a major cause of blushing of the product intertayer film for laminated glass 
due to mdsture absorption. Furthermore, a sodium salt may remain even in poly(vinyl alcohol) in some instances, and 
this sodium salt may also serve as a cause of blueing of the interlayer film for laminated glass due to moisture absorp- 
tion In certain instances. 

[0027] In recent years, the trend toward the use of laminated glass as the automobile side glass screen or In build- 
ings has been increasing and, in these applications, laminated glass is often used with the peripheral portions thereof 
being exposed. The need for preventing ttie blushing phenomenon is becoming more and more increased. . 

SUMMARY OF THE INVENTION 

[0026] The present Invention which solves tiie above problems has it for its object to provide an interlayer film for 
laminated glass and a laminated glass in which said intertayer fBm is used and which shows a much decreased extent 
of blushing of the peripheral region thereof even when placed In a high-humidity atmosphere, wfthout compromise in 
ttiose fundamental performance characteristics which are required of laminated glass, such as transparency, weaflier 
resistance, adhesion and penetration redstance. 

[0029] The present Invention conasts In an Interlayer fflm for laminated glass comprising a plasticlzed poly(vinyl 
acetaO re^n and having the haze after 24 hours of immersion of not more than 50% when said Interlayer film witti a 
tiiickness of 0.3 to 0.8 mm is immersed In water at 23°C. 

DETAILED DESCRI PTION OF THE INVENTION 

[0030] In the following, the present invention is described in detail. 

[0031] The intertayer film for laminated glass of tt^e present invention is such that when said intertayer film with a 
thfckness of 0,3 to 0.8 mm* is immersed in water at 23'C, the haze value after 24 hours of immersfon is not more ttian 

50%. . ^ ^ 

[0032] The Inventors of the present invention found that an interlayer film for laminated glass showing a haze of not 
more than 50% when said intertayer film wrth a tiifokness of 0.3 to 0.8 mm is Immersed in water at 23*C for 24 hours is 
excellent in moisture resistance, showing little blushing in ttie peripheral region of the laminated glass even when 
placed In a high-humidity atmosphere. Based on this finding, the present Invention has been completed. 
[0033] When tiie haze mentioned above exceeds 50%, the blushing under high-humidity conditions cannot be fully 
prevented and poor moisture resistance may result, hence tiie above range is critical, in tiie present specification, said 
haze means a value measured by using an integrating turt)idimeter after 24 hours of immerrfon of a sample Intertayer 
fam witi) a tiiickness of 0.3 to 0.8 mm in water at 23*C. 

[0034] The Intertayer film for laminated glass of ttie present invention comprises a plasticlzed poly(vlnyl acetal) 
resin film, and said plasticlzed poly(vlnyl acetal) sheet contains a poly(vinyl acetal) resin as a main component 
[0035] ' Said poly{vlnyl acetal) resin preferably has an average degree of acetalization of 40 to 75 mole percent. 
When said degree Is less tiian 40 mole percent, tiie compatibility wltii the plasticizer will be low. making it difficult, in 
some instances, to Incorporate the plasticizer in an amount necessary for securing penetration resistance. When said 
degree is over 75 mole percent, the resulting intertayer film for laminated glass will have a low mechanical strength and, 
in addition, a prolonged reaction time will be required for resin preparation, which is often undesirable from the process 
viewpdnt A more preferred range is 60 to 75 mole percent. When said degree is less ttian 60 mole percent, tiie hygro- 
scopicfty will be high and. tiierefore, blushing may readily occur in some instances. A still more pretened range is 64 to 
71 mole percent 
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[0036] in the above plastlcized poly(vinyl acetal) resin, the vinyi acetate content is preferabiy not more than 30 mole 
percent When it is over 30 mole percent, blocking will readBy occur in the process of resin production, making the resin 
production difficult. It is preferred that said content be not more than 1 9 mole percent. 

[0037] Said plasticized poly(vlnyl acetal) resin comprises a vmyl acetal component, a vinyl atcohol component and 
5 a vinyl acetate compwient These components can be quantitated according to JIS K 6728 "Methods of testing 
poly(vinyl butyral)" or tiy the nuclear magnetic resonance (NMR) rnethod, fDr Instance. 

[0038] In cases where the poly(vinyi acetal) resin comprises other than a poiy(vfnyi butyral) resin, the vinyi ateohol 
component and vinyl acetate component are first quantitated. The amount of the remaining vinyl acetal component can 
then be calculated by sutitracting the amounts of the at>ove both components from 1 00. 

10 [0039] The poly(vinyl acetal) lesln mentioned above can be produced by Qgi ^ known methods. Thus, for example. 
poly(vinyl alcohol) is dissdved in warm water and, while maintaining the resulting aqueous solution at a specific ten>- 
perature. for example 0 to QS^C. preferably 10 to 20''C. a necessary acid catalyst and a necessary aldehyde are added, 
and the acetalization reaction is allowed to proceed with stirring. The reaction temperature is then raised to 70*^0 for 
carrying the reaction to completion, folbwed by neutralization, washing with water and drying, to give a poly(vinyl 

IS acetal) resin powder. 

[0040] The above poly(vinyl akx)hol) to serve as the starting material preferably has an average degree of poiym- 
erization of 500 to 5.000, more preferably 1,000 to 2,500. When it is less tiian 500, the product laminated glass may 
have only a low penetration resistance. When it exceeds 5,000, resin film forming may become difficult and, in addition, 
the strengtii of the resn film may become excessively liigh. 

20 [0041] It is prefenred that the vinyl acetate component in tfie poly(viriyl acetal) iresiri dbtairied account for hot moire 
than 30 mole percent Therefore, it is preferred that ttie degree of saponification of the above poly(vinyl alcohol) be not 
less than 70 mole percent. When said degree Is less than 70 mole percent, the transparency and/or heat resistance of 
tiie resin may be low and the reactivity may also be low. More preferably, saki degree is not less tiian 95 mole percent 
[0042] The average potynnerization degree and saponification degree of the poly(vinyl aicohc^ can be determined 

25 according to JIS K 6726 'Methods of testing poly(vinyl alcohoQ'. for instance. 

[0043] The aldehyde mentioned above is preferably an aldehyde containing 3 to 10 carbon atoms. When the 
number of cartDon atoms is less than 3. sufficient resin film mddabiiity may not be obtained In some instances. When it 
exceeds 10, the reactivity for acetatization will be low and. in addition, resin blocking may readily occur and cause diffi- 
culties In resin syntiiesis. 

30 [0044] The aldehyde mentioned atK>ve is not limited to any particular species but includes aliphatic, aromatic, all- 
cyclic and otiier aldehydes, such as propionaldehyde, n-butyraWehyde, isobutyraldehyde, valeraidehyde. n-hexylalde- 
hyde, 2-ethylbutyra!dehyde, n-heptylaldehyde. n-octylaldehyde. n-nonylaWehyde. n-decylaldehyde, benzaldehyde and 
cinnamaldehyde. Preferred are aldetydes containing 4 to 8 carbon atoms, such as n-butyraldehyde, n-hexylaldehyde, 
2-etiiylbutyra!dehyde and n-octylaldehyde. Among them, n-butyraklehyde, which contains 4 carbon atoms, is more pre* 

^ ferred, ^nce the use of the resulting poly(vlnyl acetal) resin contributes to an increased bond strength of the resin film 
as well as excellent weather resistance and to easy production of the resin. The aldehydes may be used efther singly 
or In a comt»nation of two or more ^ecies. 

[0045] in the interiayer film of tiie present invention, tif)e particle diameter of a sodium salt therein is preferably not 
more ttian 10 jmi, more preferably not more ttian 5 |un. The particle diameter of potassium saft in the interiayer film Is 
40 preferat^ not more than 5 ^m. 

[(N)46I When the sodium salt has a particle diameter greater than 10 (im or the potassium salt has a particle diam- 
eter greater tiian 5 iim, tiie salt particles may promote water aggregation and become a primary cause of blushing of 
the otitained Interiayer film due to moisture alssorption. 

[0047] The sodium salt or potassium salt particle diameter referred to a!>ove Is tiie particfe diameter in the interiayer 
45 film. While tiie particle diameters of the sodium salt and potassium salt in ttie po!y{vinyl acetal) resin, which are the pri- 
mary raw material, are decreased in the process of sheet forming in some instances, said particle diameters are 
retained in otiier instances. Therefore, it is preferred that the particle diameters of sodium salt and potassium salt in the 
po!y(vinyl acetal) resin be also within the above-specified range. 

[0048] The particle diameters of sodium salt and potassium salt in the interiayer film can be determined by second- 
so ary Ion imaging using a time-of-fiight secondary fon mass spectrometer (TOF-SIMS). 

[0049] In ttie interiayer film of the present Invention, ttie sodium concentration is preferably not more than 50 ppm. 
and tiie potassium concentration In ttie interiayer film is preferably not more than 10O ppm. More preferably, tiie sodium 
concentration should be not less than 0.5 ppm and not more tiian 15 ppm, and ttie potassium concentration should be 
not less tiian 0.5 ppm and not more than 100 ppm. 
55 [0050] When ttie sodium content of ttie interiayer film is over 50 ppm and/or the potassium content is over 1 00 ppm. 
water molecules gather around the sodium element and potassium element and grow to macroscopic sizes, whereupon 
blushing may become prominent. To prepare an interiayer film having a sodium content of less than 0,5 ppm and a 
potassium content of less than 0.5 ppm is not prefen-ed from practical points of view in some instances, since the step 
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V* of waging for diminating the remaining sodium element or potassium element coming from the resin preparation step 
must be excessively prolonged and/or the degree of purification of water and other raw materials must be raised, among 
other measures, hence much time and expenses are required. 

[0051] The concentration of sodium and that of potassium in the interlayer film can be determined by elemental 
5 analysis using an ICP emission spectrometer. The elemental analysis by ICP emis^on spectrometry Is a technique 
comprising heating and decomposing the sample with sulfuric acid and nitric acid» making the decomposition product 
to volume with ultrapure water and then performing assaying by the iCP-AES method. 

[0052] The inclusion of said sodium and/or potasaum results from the use. for example in the preparation of 
poiy(vinyi acetal) resin, of a sodium or potassium element-containing neutralizing agent, such as sodium cart>onate. 
w sodium hydrogen carbonate, sodium acetate, sodium hydroxide, potassium cart>onate. potassium hydrogen carbonate, 
potassium acetate or potassium hydroxide, for neutralization of the acid catalyst used for the reaction, such as sulfuric 
acid or hydrDchlorIc acid. 

[0053] The neutralization procedure in the above poly(vinyl acetal) resin production process is effective in prevent* 
ing the add catalyst such as hydrochloric acid (HCI). which is essential tor the poly(vinyl acetal) resin formation reaction 
IS in the preceding step, from remaining In the resin and deteriorate the very rean. 

[0054] Usable as said neutralizing agent are alkali metal salts and alkaline earth metal salts. Unlike alkali metals, 
alkaline earth metals, when remaining in the interlayer film In fairly targe amounts, can prevent blushing under high* 
humic% conditions, hence are preferred. 

[0055] As said alkaline earth metal salts, there may be mentioned, among others, magnesium salts such as mag- 
20 riesiuirh hydrog8ncaft>driaite, magnesium hydroxide, basic magnesium cart>onjsite, barium salts sUch as baiium hydrox- 
ide, and cak:ium salts such as calcium hydroxide. 

[0058] The inclusion of said sodium and/or potassium also results from the sodium or potassium salt of a carfooxyllc 
ackj and octyllc acid, etc., added as a bond strength control agent, which Is remaining in the interiayer film, or from the 
sodium element or potassium element contained In water and other raw materials used, iri particular In poly(vinyl alco- 

25 hol). and remaining in the interlayer film. 

[0057] The amount of such alkafi metais contained in pure water can be reduced to 1 ppm or less through the use 
of deionized water, for instance. On the other hand, the alkali meta) content of the poly( vinyl alcohol) comes from the 
sodium acetate formed in fhe course of saponification of poly(vinyl acetate) In the process for producing the raw mate- 
rial poly(vinyl alcohol), and it is generally 0.4 to 1 ,5% by weight 

30 [0058] Therefore, by using a poiy( vinyl alcohol) material having a sodium acetate content of not more than 0.4% 
by wdght, the sodium element in the resin, which is harelly renKsvalde by washing, can be reduced and, by Intended 
washing or tike measures, the sodium element can be consistently reduced to 50 ppm or below. 
[0059] In the above process for poly(vinyl acetaO resin production, it is also possible to reduce the alkali metal con- 
• tent by washing the poty(vinyi acetal) resin with water until a pH of 5 or above is attained, followed by drying at a tem* 

35 perature not higher than 60^C. without resort to the neutmlization procedure mentioned above. By sufficient washing 
with water until a pH of 5 or above is attained, the content of the alkali metal, which is causative of blushing of the result- 
ing resin film, can be reduced to a amount not over a required amount. Further, by drying at a relatively low temperature 
not higher than eo^'C, the resin can be protected against deterioration due to the Inclusion of alkali metal and the 
remaining ackl catalyst and, at the same time, the drying equipment can be protected from being conoded by the acid. 

40 Although the drying procedure may be canied out by any ordinary method, the vacuum drying method. In particular. Is 
effk:tent and superior. 

[0080] In tlie afc>ow step of washing with water, washing is preferably carried out with water at a temperature of not 
lower than 40''C. Taking Into consideration the feet ttiat the resin In the slurry sweHs at 40^C or above, the temperahire 
of water to be used for washing Is raised to 4<rC or above so that the effk:iency of washing can be improved and resin 

45 deterioration due to the inclusion of alkali metal and/or acid catalyst residues can t>e prevented. By uang washing water 
at 40''C or above, pre1erat)ly 40 to 60*'C, in the step of washing, the resin in the slurry swells and the acid (HD) and the 
neutralizatfon product (alkali metal-containing product) contained in the resin can be readily washed away, whereby the 
washing effidency can be improved. If the washing water temperature is below 40*0, the resin cannot swell to a satis- 
factory extent, hence the efficiency can hardly be Improved. If the washing water temperature is higher than 60*^0. the 

50 resin softens and re^ particles stk^k together, forming blocks, hence the restn cannot have a stable particle size; in 
addition, any mart<ed improvement In efficiency cannot be expected as compared with water at 60^C and, thus, a waste 
of energy results. 

[0061] An alternative method may also be mentioned for preventing the above-mentioned inclusion of sodium and 
potassium. This method comprises using, in synthesizing a poly(vinyl acetal) resin by reacting poly(vinyl alcohol) with 
55 an aldehyde In the presence of hydrochloric acid catalyst, an epoxide as both a reaction terminator and a hydrochloric 
acid eliminator and subjecting the resulting poly(vinyl acetaJ) resin to sheet formation. 
[0062] Said epoxide includes, among others, 1 .2 -epoxides of the general formula (I): 
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R*— CH— (oyr-CT— 



^0 (wherein and each represents a hydrogen atom or an alkyi group and n represents an integer of 0 to 3). as welt 
as 1 ,3-epoxides such as trtmethyiene oxide, tetrahydrofuran and tetrahydropyran, 1 ,4-epoxides, 1 .S-epoxides and the 
like. These may be used singly or two or more of them may be used comblnedly. Partrcularly prefen^d as the epoxide 
are ethylene oxide, propylene oxide and the iike. 

[0063] The above epoxide can be used in an eflisctive amount sufficient to terminate the reaction and eliminate the 
IS hydrochloric add. 

[0064] As regards the mode of use of the above epoxide, the epoxide is used in lieu of the hydrochloric acid catalyst 
neutralizing agent to terminate the acetaGzation reaction and further to eliminate the hydrochiorte acid, whereby the 
resin can be prevented from deterioration due to the inclusion of alkafi metal and/or retention of acid catalyst 
[0065] In the present invention, it Is prefen^d that a dispersant be incorporated in the intertayer film for laminated 
20 glass iso that blushing under high-humidity conditions can be prevented more effectively. 

[0066] As saki dispersant, there may be mentioned compounds capable of forming complexes with sodium salts 
and potassium salts, organk: adds com|»tible witii the resin and plastk^izer. and amines compatible with the resin and 
plasticizer. 

[0067] Said compounds capable of forming complexes with sodium salts and potassium salts render the sunound- 
2S ings of nnetal salts such as sodium salts and potassium salts hydrophobic and thereby render it diffknjit for water to 
approach eaid surroundings, with the result ttiat even upon moisture absorption the poly(vinyt acetaQ resin, the inter- 
layer film for laminated glass as obtained can be prevented from undergoing blushing, 

[0068] The abovennentioned compound capable of fonning complexes with sodium salts and potassium salts 
includes but Is not limited to ethylenediaminetetraacetlc add. salk:ylahiehyde. salicylic add. saficytanitide, oxalic acki, 

30 1,10-phenanthrorme, acetylacetone, S-hydroxyquinoline, dimethylglyoxtme, 1,1-cydohexanediacetto ackJ, salicytakiox- 
ime and glycine. These may be used either singly or two or more of them may be used in combination. 
[0069] The addition amount of the compound capabile of forming complexes with sodium salts and potassium safts 
depends on the amount of the metal salt remaining in the poly{vinyl acetal) resin but is preferably wlBiin the range of 
0.02 to 2 parts by weight per 100 parts by weight of the poly(vinyl acetal) rean. At an addition amount betow 0.02 part 

35 by weight tiie preventive effect on the bJushing due to moisture absorption may be Insufffcient At an addition amount 
exceeding 2 parts by weight, ttie compatibifity w*itt> the poly(vinyl acetal) rean will be poor and a transparency problem 
may arise In some Instances. A more prefened range is 0.05 to 1 part by weight 

[0070] Organic adds compatible with tiie resin and plasticizer and amines compatible with the resin and piasticlzer 
can also be used as the dispersant mentioned atx)ve. 
40 [0071] Among said organic acids compatit)ie with the re^n and plasticizer. at least one member seleded from the 
group consisting of sulfonic adds containing 2 to 21 carbon atoms, carboxylk: adds containing 2 to 20 caiten atoms, 
and phosphoric adds of the general formula (II) given befow is used. 



45 



O-R* 

B4.^>«.i»|S8:0 CI I) 

OH 



so 



(In the above fonmula, represents an aliphatic hydrocarbon group containing 1 to 18 carbon atoms or an aromatic 
hydrocarbon group containing 1 to 18 carbon atoms, and R^ represents a hydrogen atom, an aliphatic hydrocarbon 
55 group containing 1 to 18 carbon atoms, or an aromatfc hydrocaibon group containing 1 to 18 carbon atoms.) 

[0072] Referring to the sulfonic acids containing 2 to 21 carbon atoms, if the number of carbon atoms is less than 
2. the hydrophilteity will be high, hence the compatibility witii tiie poly(vlnyl acetal) resin will be poor and insutricient dis- 
perdon wiH result. If the number of cart>on atoms is over 21 . the sulfonic acki will be hydrophobic, hence the compati- 
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bility with the poly(vinyt acetal) redn will be poor and phase separation may possibly occur. More preferred are those 
containing 7 to 18 carbon atoms. 

[0073] The sulfonic acids containing 2 to 21 caiton atoms may be aliphatic or aromatic, for instance. The sulfonic 
acids containing 2 to 21 carbon atoms thus Include, but are not Hmited to, benzenesulfionic acid, naphthalenesullbnic 

5 acid, alkylsulfonic acids with the alky) moiety thereof containing 2 to 21 carbon atoms, alkyibenzenesulfontc acids with 
the alkyi moiety thereof containing 2 to 15 caiiion atoms, and alkylnaphthatenesulfonic acids with the alkyl moiety 
thereof containing 2 to 11 carbon atoms, among others. Mwe specifically, there may be mentioned p-toluenesulfonk: 
add, dodecylbenzenesulfonic acid, camphorsutfonic ackl, hydroxypropanesulfonic acid, mesitylenesulfonic add, and 
the like. These may be used singly or two or nrtore of them may t>e used in combination. 

w [0074] The addition amount of the sulfonic ackls containing 2 to 21 cait)on atoms is preferably 0.01 to 2 parts by 
weight per 1 00 parts by weight of the poly(vinyl aoetal) resin. At an addition amount less than 0.01 part by weight, the 
preventive effect on the blushing due to moisture absorption will be insufficient In some instances. At an addition 
amount exceeding 2 parts by weight, the resin deterioration may be pnmoted or the sulfonic acids theniselves may 
cause the blushing. A more preferred addition amount is within the range of 0.03 to 1 part by weight. 

IS [0075] Refening to the carboxylic acids containing 2 to 20 carbon atoms, if the number of cartion atoms is less than 
2, the hydrophilicity will be high, hence the compatibility with the poly(vinyl acetal) resin will be poor and insufficient dis- 
person will result. If Ihe number of carbon atoms is over 20. the carbQ)(ylic acid will be hydrophoUc, hence the conr^t- 
tbility with ^e poty(vinyl acetal) resin will be poor and phase separation may possibly occur. More preferred are those 
containing 6 to 14 carbon atoms. 

20 [0076] The carboxyGc acids containing 2 to 20 cartxffi atoms may be aHphatic or aromatic, for instance. They rtiay 
be dicarboxyltc adds. Said carboxylic acids containing 2 to 20 cartx)ns atoms thus include, but are not limited to, acetic ' 
acid, propionic acid, butyric acid, Isobutyric add, 2-ethylbutyric add, octanolc add, 2-ethylhexync acid, lauric acid, myr- 
istic acid, stearic add, oxalic add, malonic acid, sucdnic add, adipic acid, pimelic add, sebacic acid, oleic acid, benzoic 
add, tduic add, naphthdc add. 1 ,1-cyclohexanedlaca6c add, s^icyOc add and the Rke. These may be used singly or 

2S two or more of them may be used in comtMnation. 

[0077] The addition amount of the carboxylte adds containing 2 to 20 cart)on atoms Is preferat^ 0.01 to 3 parts by 
weight per 100 parts by weight of the poly(vinyl acetal) resin. At an addition amount less than 0.01 part by weight, the 
preventive effect on the blushing due to moisture absorption will be insuffident in some instances. At an amount 
exceeding 3 parts by w^ght, the compatibinty with the redn will be poor and a transparency problem may arise or resin 

30 deterioration may be promoted. A more preferred range is 0.05 to 1 part kjy weight 

[0076] Referring to and in the phosphoric adds represented by the above general formula (II), if the number . 
of carbon atoms in the aiiphatic hydrocaibon group or aromatic hydrocarbon group exceeds 18, the phosphoric add will 
be hydropholic, hence the compatibility with the po]y(vinyl acetaO resin will be poor. A more preferred range of the 
number of carbon atoms is 6 to 12. 

^ [0079] The phosphoric adds of general formula (11) Indude but are not limited to methylphosphoric add. e^phos- 
phone acid, propylphosphoric add, isoproi:^phosphoric add, butylphosphoric acid, laurylphosphoric add, stearylphos* 
phoric acid, 2-ethylhexylphoq3horic add, di(2-ethylhexyl)phosphoric acid, isodecylphosphoric acid, phenylphosphoric 
add, dmethylphosphodc add, diethylphosphoric acid, diisopropylphosphoric acid, dioctylphosphoric add, diphenyl* 
phosphonc acid and dibenzylphosphoric add. Tiiese msy be used singly or two or more of them may be used in com- 

40 binatlon. 

[0060] The addition amount of the phosphoric acid of general formula (II) Is preferably 0.01 to 2 parts by weight per 
100 parts by weight of the poly( vinyl acetal) resin. A! an addition amoiAit below 0.01 part 1^ weight, the preventive 
effect on tiie blushing due to moisture absorption will be insuffident in some instances. At an amount exceeding 2 parts 
by weight, resin deterioration may be rattier promoted or the phosphoric add itself may cause tiie blushing. A more pre- 
45 fenred range is 0.03 to 1 part by weight. 

[0061] The organic add compatible witii the resin and plasticizer Is used In combination with the amine compatible 
with the redn and plastidzer. Suited for use as the amine compataile wifli the resin and plasticizer are amines of the 
general formula (III): 

" s 

Bp— (HI) 

(wherein R*, and R^ may be the same or different and each represents a hydrogen atom, an ariphatic hydrocarbon 
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group containing 1 to 20 carbon atoms or an aromatic hydrocarbon group containing 1 to 20 carbon atoms). 
[0082] When the number of carbon atoms in the aliphatic hydrocarbon group or aromatic hydrocarbon group men- 
tioned aJMve exceeds 20, the amine becomes hydrophobic, hence the compatibility with the poly(vinyl acetal) resin may 
be poor In some Instances. It Is prefen-ed that one of R^. and be a long-chain one. More preferably, R^ and R® 
5 each independently is a hydrogen atom or a hydrocarbon group containing 1 or 2 carbon atoms, and is a hydrocar- 
bon group containing 6 to 16 carbon atoms. 

[0083] The amine of general fonmila (III) includes but is not limited to primary amines such as methylamine, ethyl- 
amine, propylamine, hexylamine, octylamine, decylamine, dodecylamlne. tetradecylamine, aniline, toluidine, naphthyl- 
amlne. etc.; secondary amines such as dimethylamine, diethylamine. dipropylamine, dihexylamine, dioctylamine, N- 
10 methyfaniline. etc.; tertiary amines such as trimetfylamlne, triethylamine, N,N-dimelhylhexyiamlne, N,N-dimethyioc- 
tylamine, N,N-dimethyldecylamine. N.N-dimethyldodecyiamine, N,N-dimethylanlline, pyridine, etc.. among others. 
These may be used singly or two or more of them may be used in combination. 

[0084] When a sulfonic acid containing 2 to 21 carbon atoms is used as the organic add compatMe with the resin 
and plastidzer, the addition amount of the amine of general formula (III) is preferably 0.01 to 2 parts by weight per 100 
IS parts by weight of the poly(vinyl acetal) resin. At an adcfrtfon amount less than 0.01 part by weight, the preventive effect 
on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 2 parts by weight, the 
compattoility with the resin will be poor, and a transparency problem may arise or the interlayer film may be discolored. 
A more prefenred range is 0.02 to 1 part t>y weight. 

[0085] When a carboxyfic acid containing 2 to 20 carbon atoms is used as the organic acid compatible with the 

20 reari aiid plastfclzer, the addition amount of the amine of general fonnuia (ill) b preferably 0.01 to 3 parts by waght per 
100 parts by weight of the poly(vinyI acetal) resin. At an addition amount below 0.01 part by weight, the preventive effect 
on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 3 parts by weight, the 
compatiWRly with the resin will be poor, and a transparency proWem may arise or the interlayer film may be discolored. 
A more preten^d range Is 0.05 to 1 part by weight 

25 [0086] When a phosphoric acid of the above general fonnuia (11) Is used as the organic add compatible with the 
resin and plasticizer, the addition amount of the amine of general fomnula (III) is preferably 0.01 to 2 parts by weight per 
100 parts by weight of the poly(vlnyl acetaO resin. At an addition amount below 0.01 part by weight, the preventive effect 
on the blushing due to moisture absorption may be insufficient. At an addition amount exceeding 2 parts by weight, the 
compatibility with the resin will be poor, and a transparency protdem may arise or the interlayer film may be discolored. 

30 A more prefen-ed range is 0.05 to 1 part by weight 

[0087] The organic add compatible with the resin and plaslicizer and the amine compatible with the resin and plas- 
ticizer used as a (fispersant as mentioned above respectively take the form of ions, for example sulfbnyl ion, carbcxyl 
ion, phosphoryl ion, and ammonium ion. These ions act on the surfece of the particulate metal salt in the poly(vinyl 
acetal) resin and bind the metal ion and counter ion constituting said metal salt. When the resin is kneaded prior to 

35 sheet formation, the metal salt canying these ions are dispersed in the resin and, as a result, tiie metal salt in particu- 
late form becomes smaller or disappear. Therefore, local aggregation of water molecules Is prevented and, even when 
the poly(vinyl acetal) resin absorbs moisture, the interlayer film of the laminated glass can be prevented from blushing. 
[0088] In the present invention. It is preferred that the interlayer film for laminated glass contain at least one salt 
selected from the group consisting of alkali metal salts and alkaline eartii metal ^Its as a bond strength control agent 
. 40 [0089] Said alkali metal salts and alkaline earth metal salts Include but are not limited to potassium salts, sodium 
salts, magnesium salts and so forttu As the salt-fenming acid, there may be mentioned organk: acids, for exampfe car- 
boxylic acids such as octyik: acid, hexyllc acid, butyric add, acetic acid and formic acid; and Inorgank: adds such as 
hydrochloric acid and nitric add. 

[0090] * Among the alkali metal salts and alkaline eartfi metal salts mentioned above, alkali metal salts of organic 
45 acids containing 5 to 16 carbon atoms and alkaline earth metaf salts of organic acids containing 5 to 16 carbon atoms 
are preferred. More preferred are ttie magnesium salts of carboxyiic adds or dicarboxylic adds containing 6 to 10 car- 
bon atonns. 

[0091] Said magnesium salts of carboxyiic adds or dicarboxylic acids include but are not limited to magnesium 2- 
ettiylbutyrate. magnesium valerate, magnesium hexanoate, magnesium heptanoate, magnesium octanoate, magnor 

so slum nonanoate, magnesium decanoate, magnesium glutarate and magnesium adipate. among others. 

[0092] It is supposed that the magnesium salts of carboxyiic adds or dk:arboxylic adds containing 6 to 1 0 carbon 
atoms occur in the form of salts in the sheet without electrolytic dissociation, and attract water molecules, making it pos- 
sible to suppress the bond strength behween the interlayer film and glass, with the result that the penetration resistance 
of the product laminated glass can be improved. Furthermore, since ttiey are distributed in high concentrations on ti)e 

55 sheet surface witt^out aggregation In ttie sheet, they show a bond strength modifying effect even in small amounts, with- 
out causing excessive Wushing upon moisture aljsorption, tiierefore they are preferable. 

[0093] Said alkali metal salts and alkaline eartii metal salts preferably have a particle diameter of not more than 3 
|im, more preferably not more than 1 ^m. When said diameter exceeds 3 pm, water molecules around ttie alkali metal 
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salt and/or alkaline earth metal salt particles grow to a macroscopic size, with the resuit that the blushing t>ecomes unfa- 
vorably remarkatrfe in some instances. 

[0094] The means for reducing the particle size of 3 |im or less is not limited to any particular method. Thus, for 
example, there may be mentioned the method comprising using a compound readily soluble in the poly(vinyl acetal) 

5 resin and plasticizer as a bond strength control agent, the method comprising using a compound which is hardly soluble 
In the poJy(vinyl acetal) resin and plasticizer but hanily aggregate in the poly(vinyl acetal) resin and plasticizer, and the 
' method comprising comWnedly using a dispersant or compatlbilizing agent capable of dispersing said compounds. 
[0095] When a poIy{vinyl butyrai) resin Is used as the poly(vlnyl acetal) resin and triethylene glycol 2-ethylbutyrate 
is used as the plasticizer, the compound readily soluble in the above formulation is, for example, an organic acid salt, 

10 sudi as magnesium octanoate, magnesium naodecanoate and magnesium adipate. These are suitably used either sin- 
gly or in a combination of two or more species. 

[0096] As the compound hardly soluble in the above formication but hardly aggregating in the fomnutation. there 
may be mentioned inorganic add magnesium salts such as magnesium chloride and magnesium nitrate. These are 
suitably used either singly or in a comt»nation of two or more species. 
IS [0097] The dispersant or compatibilizing agent capable of dispersing the compound hardly soluble in the formula- 
tion is not limited to any particular species but Includes alcohols such as ethanol and octyl alcohol, and long-chain 
organic acids such as octanoic acid and nonanoic acid, among others. These are suitably used eitiier singly or in a 
combination of two or morja species. 

[0098] Among the various metiiods mentioned above, the metiiod comprising using a compound which is by itself 
20 readily solubte'ln the poly(vinyl acetal) resin and plasticizer is most preferred. The method comprising using a com- 
pound hardly aggregating in the poly(vinyl acetal) resin and plasticizer is next preferred. 

[0099] When a dlester compound is used as the plasticizer, it is prefon^ed that tiie alkali metal salt and alkaline earth 
metal salt mentioned above have tiie same add component structure as tiiat of tiie diester compound Owing to their 
having an acid component structure identical or similar to tiiat of the diester conrtpound used as the plasticizer, they can 

25 be present stably and uniformly dispersed in the sheet, hence win not undergo changes with the lapse of time. 

[0100] When trietiiylene glycd di-2-eUTylbutyrate (hereinafter rafen-ed to sometimes as "3GH") or dihexyl adipate 
(hereinafter referred to sometimes as 'DHA") is used as ttie plasticizer, a metal salt of a cariaoxylic acid containing 5 or 
6 cart>on atoms is preferably used as a bond strengtii control ag^t, since, in tiiat case, ttie decrease in the bond 
strengtti with tiie lapse of time between the interiayer film and glass can be prevented and tfie prevention of blushing 

30 and prevention of the decrease in tiie bond strength witti the lapse of time can be simultaneously accomplished. When 
triethylene glycol dl-2-ettTylhexanoate (hereinafter retenBd to sometimes as '3G0") Is used as ttie plasticizer. It is pre- 
ferred, for tiie same reasons, ttiat a metal salt of a carboxylic add containing 6 to 8 carbon atoms be contained In tiie 
formulation. When tetraetfiylene glycd di-2-ettiylhexanoate (hereinafter referred to sometimes as '4GO") is used as tiie 
plasticizer, it is prefenred that a nietal salt of a cart^oxyllc acid contaiiting 6 or 7 carbon atoms be contained In the fbr- 

35 mutation. 

[01 01] For preventing the above plasticized pdy(vinyl acetal) redn as far as possible from undergoing heat-induced 
hydrolysis In ttie sheet forming step, tiie use of plasticlzers less susceptible to hydrolysis such as plasticizers of the side 
. chain type, such as 3GH. 3GO and 4G0, or of ttie adipate type, such as DHA, is prefenred to tiie use of such plasticizers 
as trietiiylene glycd diheptanoate (3G7) and tetraetfviene glycd diheptanoate (4G7). 
40 [0102] Said 3GH has long been in use as a plastidzer in interiayer films witii practically acceptable results and tfie 
organic acid constituent ttiereof is of the side chain type. Therefore, 3GH Is more advantageous than 3G7, 4G7 and tiie 
like, which am of the straight chain type, in tiiat it is less hydrolyzable. The above-mentioned 3GO and 4GO are advan- 
tageous in ttiat ttiey are higher in boiling point tiian 3GH, for instance, and ttierefore are less vdatile in the sheet forming 
step or in the lamination step. 

45 [01 03] Said 3GH, 3GO, 4GO and DHA may be used singly or in combination witii another plasticizer such as men- 
tioned hereinafter. The mixing ratio d said 3GH, 3G0, 4G0 and/or DHA to said otiier plasticizer is preferred tiiat ttie 
amount of said ottier plasticizer be less ttian 50% by weight of the amount of said plasticizer(s) 3GH, 3GO, 4G0 and 
DHA. When this ratio is over 50% by weight, ttie characteristic features of 3GH, 3GO, 4GO and DHA are sacrificed by 
said otfier plasticizer and, therefore, ttie effed of the bond strengtii control agent used in combination with them may 

so not be expressed to a satisfectory extent. 

[01 04] The carboxylic acid metal salt to be used as tiie bond strength contix)l agent, when tine plasticizer in the inter- 
layer film is spedfied as mentioned above, includes but is not limited to pentanolc acid (of 5 carit)on atoms) metal salts, 
hexandc add (2-ethylbutanolc acid) (of 6 cartjon atoms) metal salts, heptanoic add (of 7 cartoon atoms) metal salts, 
octanoic acid (of 8 carbon atoms) metal salts, and so forth. According to ttie plastfcizer mentioned above, one. two or 

55 more of ttiese are suitably used. The cartjoxyric acid may be of the straight chain type or of the side chain type. 

[0105] When a metal salt of a carboxylic add containing too small a number of carbon atoms is used, the interiayer 
fdm obtained will have an Insufficient moisture resistance, which may allow the blushing phenomenon to occur widely. 
Conversely, if a metal salt of a carboxySc add containing an excessively large number of carbon atoms is used, tiie 
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«« decrease in the bond strength with the lapse of time between the interlayer film and glass may be insufficient. 

[01 06] The above-mentioned carboxylic acid metal salt as the bond strength control agent may be used independ- 
ently or in combination with another bond strength control agent. Ibr example a bond strength control agent of metal salt 
of carboxylic acid containing 1 to 4 carbon atoms type such as magnesium formate, magnesium acetate, magnesium 
s propanoate or magnesium butanoate, or a modified siBcone oil bond strength control agent such as mentioned later 
herein. 

[01071 When said alkafi metal salt an&or alkaline earth metal salt is added as a bond strength control agent, the 
addition amount thereof is preferably 0.01 to 0.2 part by weight per 100 parts by weight of the poly(vinyl acetal) resin. 
At an addition amount lower than 0.01 part by weight, the bond strength modifying effect will be nil. hence the penetra- 

10 Son resistance of the product laminated glass may be low. At an amount exceeding 0^ part by weight, the control agent 
may bleed out, impairing the transparency of the product laminated glass and at the same time leading to an exces- 
sively decreased bond strength between interlayer film and glass. A more preferred range is 0.03 to 0.08 part t}y weight. 
[01 08] When the alkali metal salt is a sodium salt blushing tends to occur very readily, so that the sodium concen- 
tration should preferably be not more than 50 ppm. When the alkali metal salt is a potassium salt, too, blusNng may 

15 occur readily, hence the potassium concentration should preferably be not more than 1 00 ppm. 

[0109] In addition to the cases where said alkali metal salt and/or alkaline earth metal salt is added as the bond 
strength control agent, as mentioned above, there are cases where said salts come from the alkali xnetaf salt or alkaline 
earth metal salt used as a neutralizing agent for the ackl catalyst such as sutfurk: ackl or hydrochloric acid, used m the 
reaction for producing poly(v2nyl acetal) resin, or cases in which said salt comes from one or more of various raw mate- 

20 rials and water used in the reactbn for producing poly(vinyl acetal) re^n which contains said salt. The alkali metal salt 
and alkaline earth metal salt as said neutralizing agent may be used also as the t>ond strength control agent 
[0110] The interlayer film for laminated glass of the present invention comprises a plastic resin film composed of 
the above-mentioned poly(vinyl acetal) resin, a plasticizer and. where necessary, an additive such as the above-men- 
tioned disperrant and/or bond strength control agent 

25 [0111] The plasticizer to be used in the present inventk>n includes those known plasticizers for use in interlayer 
films of this kind, for example organk: ester type plasticizers such as monobask; acki esters and polybasic add esters, 
and phosphorus type plastx:tzers such as orgamic phosphate and organk: phosphite plasticizers. 
[01 1 2] Preferred among said monobasic acid esters are those glycol esters which can be obtained t>y the reaction 
of triethylene glycol with an organic add such as butyric add, isobutyric acid, caprok: acid,'2-ethylbutyrk) add, hepta- 

30 nolo acid, n-octyQc add, 2-ethylhexylic ackl, petargonic acid (n*nonylte acM) or decylic acid. In addition, ester&of tetra- 
ethylene glycol or tr^ropylene glycol with the organic adds mentkmed above may also be used. 
[0113] Prefenred as said polybasic add esters are, for example, esters of an organic add such as adipic add, 
sebacic acid or azelaic acid with a straight-chain or branched alcohol containing 4 to 8 carbon atoma 
[01 14] As typical ^camples of said organk; ester plastici2Brs which can be suitably used, there may be mentioned 

3$ triethylene glycol dl-2-etlTylbutyrate, triethylene glycd di-2-ethyihexoate, triethylene glycol dicaprylate, triethylene glycol 
di-n-octoate, triethylene glycol di-n-heptoate. tetraethylene glycol di-n-heptoate and, further, dibutyl sebacate, dkxrtyl 
azelate and dibutyk:arbitol adipate. 

[0115] In addition, ethylene glycd di-2-ethylbutyrate, 1,3-propylene glycol di-2-ethylbutyrate, 1 ,4-pn3pylene gly^ 
dl-2-ethylbutyrate, 1 .4-butyiene glycol di-2-ethylbutyrate, 1,2-butylene glycol di-2-ethylenebutyrate, diethylene glycol di* 
40 2-ethylbutyrate, diethyiene glycol di-'2-ethiyihexoate, dipropylene glycol di-2-ethylbutyrBte, triethylene glycol di-2*ethyl- 
pentoate, tetraethylene glycol di-2-ethytbutyrate, diethylene glycol dicaprylate and the like may also be used as the 
piasHdzer. 

[0116] Among the phosphate plasticizers, tributoxyethyl phosphate, isodecytphenyi phosphate, tn1soprt>pyl phos- 
phite and the like are preferred. 
45 [01 17] . Among the plastidzers mentioned above, dlester compounds derived from a dicariDoxylic ackl and a mono* 
hydric alcohol or from a monocarboxync acid and a dihydric alcohol are preferably incorporated in the resin composi- 
tion. 

[01 1 8] The addition amount of said plastidzer is preferably 20 to 70 parts by weight, more preferably 40 to 60 parts 
by weight, per 1 00 parts by weight of the poly(vinyl acet^ resin. At an addition amount below 20 parts by weight the 
50 penetration resistance of the product laminated glass may be low. At an addition amount exceeding 70 parts by weight, 
the plastbtzer may bleed out, increasing the optical strain or decreasing the transparency and/or tackiness of the resin 
fUm. 

[0119] In the present Invention, known additives for use in interlayer films for laminated glass, for example modified 
dlicone oils for controlling penetration resistance, ultraviolet absorbers, light stabilizers, antioxidants, surfactants and 
55 coloring agent, may also be incorporated as additives in addition to said dispersant and bond strength control agent 
[0120] The modified sificone oils mentioned above indude but are not limited to epoxy-modified silicone oils, ether- 
modified silicone oils, ester-modified silicone oils, amine-modified silicone oils and carboxyl-modified silicone dis, such 
as disclosed in Japanese Kokoku Pul3licatlonSho-55-29950. Generally, these modified silicone oils are Ik^ukjs obtained 
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by reacting a compound to be modified to polysiloxane/ 

[0121J In the present invention, epoxy-modified silicone oils of the general fbrmuta (IV) 

CH,— Si— 04--Si-04-{-Si-O|-ffl— CH^ 

CH, \CHj/\ ^CHs (IV) 

(CHih— O— CHf-CH— OIj 

O 

(wherein I and m each independently represents a positive integer not more than 30), ether-modified silicone oils of the 
general fonmida (V) 



20 



30 



35 



40 



45 



,-^+-Si-0++-Si-0j-S- 
CH, \CH,/j\ ic 



CH,— a— o4-si-o++--si-c>+-s— CH, 



{CH,)x-0-(CHj— CH2— OKH 



(wherein I and m each independently represents a positive integer not more than 30 and x and y each independently 
represents a positive integer not more than 20), and ester-modified silicone oils of the general lomfiula (VI) 

CH,— Si— 0+-Sl-04-f--Si-O+-^p— CHj 

CHj \CH,/\ /^CH, (VI) 

CI^ — CH— coodis 
CHj 



(wherein I and m each independently represents a positive integer not more than 30) are particularly preferred. While 
the respective modified silicone oils are represented by the general fonmulas (IV), (V) and (VI) in terms of stmctural for- 
mulas lor block copolymers, those represented by the structural formulas of random copolymers may also be used In 
so the present Invention. 

[01 221 The above modified silicone oils may be used ^ngly or two or more of them may t>e used combinediy. 
[01 231 Said modified ^icone oils preferably have a molecular weight of 800 to 5,000. When the molecular weight 
is less than 800, the extent of localization on the surface will be low. When It exceeds 5,000. the compatibility with the 
resin will become poor, so that the trieedlng out will occur onto the film surface, causing the bond strength between 
55 sheet and glass to decrease. A more preferred range is 1 ,500 to 4,000. 

[0124] The addition amount of said modified silicone oils is preferably 0.01 to 02 part by weight per 100 parts by 
weight of the poly(vinyl acetal) resin. At an addition amount below 0.01 part by weight, the preventive effect on the 
blushing due to moisture absorption will be Insufficient. At an addition amount exceeding 0.2 part by weight, the com- 
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patibilrty with the resin will be poor, hence bleeding wii] occur onto the film surface, with the result that the bond strength 
to glass wQI decrease. A more preferred amount is 0.03 to 0.1 part by weight. 

[0125] The above-mentioned antioxidant includes but is not fimited to such phenolic compounds as t-butyihydroxy- 
toluene (BHT) (Sumilizer BHT (trademarlc), product of Sumftomo Chemical), and tetrakis(methylene*3'(3\5*<li-t-butyt- 

5 4'-hydroxyphenyl)propionato]methane (Irganox 1010, product of Ciba-Geigy), among others. 

[0126] Said ultraviolet absoibers include but are not limited to benzotriazole type such as 2'(2 -hydroxy-S'-methyl- 
phenyl) benzotriazole (Tlnuvin R product of Ciba-Geigy). 2-(2'-hydraxy-3'-5*-dl-t-butylphenyl)benzotriazole (Tinuvin 
320. product of Ciba-Geigy)» 2-(2 -hydroxy-3'-t-butyl-5'-methylphenyl)-5-chlorobenzotriazo!e (Tinuvin 326,. product of 
Ciba-Geigy) and 2-(2*-hydroxy-3\5'-di-t-amylphenyl)benzotriazole (Tinuvin 328, product of Ciba-Geigy), hindered 

10 amines such as (JV-57 (product of Adeka-Argus), etc. 

[0127] As said light stabHizers, there may be mentioned hindered amines, for example Asaht Denka Kogyo's Ade- 
l^stab LA-57 (trademarlc). 

[0126] As said surfactants, there may be mentioned, for example, sodium lauryl sulfate, aD^lbenzenesulfbnates, 
and the like. 

IS [0129] The method of producing the inlerlayer film for laminated glass of the present invention is particular 
restricted, but for example, a required amount of the plasticizer, together with other additives as necessary, is incorpo- 
rated into each of the resins mentioned above, the mixture is kneaded uniformly and then formed into sheets by means 
of the extrusion, calendering, pressing, casting; inflation or other methods and the resulting sheets are used as inter- 
layer filma 

20 [0130] In view of the minimum penetration resistance and weather resistance recpjired of lanoinated glass arid from 
the practical viewpoint, It is generally preferred that the total thickness of the interlayer film for laminated glass of the 
present invention be within the range of 0.3 to 1 .6 mm, which is the thtokness range of ordinary interlayer fiim for lami- 
nated glasses. 

[0131] As the glass sheets to be used in the laminated glass, there may be nrentioned not only transparent inor- 
25 ganic glass sheets but also transparent organic glass sheets, such as polycarbonate sheets and poly(methyl methacr- 
ylate) sheets. 

[01 32] The transparent inorganic glass sheets are not limited to any particular species but include various inorganic 
glass species such as float sheet glass, polished sheet glass. emtx>s$ad sheet glass, net sheet glass, wire sheet glass, 
infrared absorption glass and colored sheet glass. These may be used singly or two or more different species may be 
30 used in combination. Laminates of a transparent inorganic glass sheet and a transparent organk: ^ss sheet noay also 
be used. The glass sheet thickness can foe suitably selected according to the intended use, hence is not limited to any 
parScular value. 

[0133] The laminated glass of the pre^t invention can be produced by employing any ordinary method of produc- 
ing laminated glass. For example, the resUti film formed by the above-menttoned method Is sandwiched, as the inter- 
as layer, between two tran^arent glass sheets, the whole is placed In a rubber bag. preliminary bonding is effected at 
about 70 to 1 10^ while suctioning under reduced pressure, then post-t>onding is effected at about 120 to ISO^'C under 
a pressure of about 10 to 15 kg/cm^ using an autoclave or a press, whereby the objective laminated glass is obtained. 
[0134] In a process for producing laminated glass, it is also possS)le to interpose the above-mentioned interlayer 
film prepared by sheet fbnnafion from the plastldzed poly(viny! biityraQ resin between at least one pair of glass sheets, 
40 and hot-press bonding at 60 to 100*^C while simultaneously deaerating under reduced pressure. More concretely, the 
process is earned out by placing a laminate film consisting of a glass sheet/interlayer f3m/glass in a rubber bag, and 
effecting hot-press bonding at a temperature of about 60 to 100°C under a pressure of adiout 1 to 10 kg/cm^ for about 
1 0 to 30 minutes in an autoclave, for instance, while deaerating under suction at a reduced pressure of about -500 to - 
700 mmHg, to tiiereby realize deaeration and bonding simultaneously. 
45 [0135] In such production process, the bond strength between the interlayer film and glass can be adjusted so tiiat 
said strength will fall within a de»red adequate range by adjusting ttie temperature for hot-press bonding to the range 
of 60 to lOO^'C, as mentioned above, and suitably selecting various conditions, In particular the hot-press tM>nding pres- 
sure, hot-press bonding time and extent of pressure reduction for deaeration under suctfon witiiin tfie respective ranges 
mentioned above. 

50 

BEST MODES FOR CARRYING OUT THE INVENTION 

[01 36] The following examples illustrate the present invention in further detaO but are by no means limitative of the 
scope of the invention, in the examples, "part(s)" means "part(s) by weight*. 

55 
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Example 1 



(1 ) Preparation of a resin 

5 [0137] To 2830 g of pure water was added 275 g of a poly(vinyl alcohol) wth an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %. and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12**C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the mix- 
ture was incubated at the same temperature to precipitate the reaction product 

[0138] The reaction mixture was then held at 46*C for 3 hours to cany the reaction to completion. This reaction mix- 
to lure was washed with an excess of water to remove the unreacted n-txjtyraldehyde and the catalyst hydrochloric acid 
was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. The product was rinsed with 
an excess of water for 2 hours and dried to provide a poly(vinyl butyrai) resin as white powder. This resin had a vinyl 
acefal content (degree of acetalization) of 65.0 mole % and a vinyl acetate content of 1 .1 mde %, 

15 (2) Production of an intertayer film 

(01 39] The above poly{vinyl butyrai) resin, 1 00 weight parts, was blended with 40 weight parts of the plasticizer tri- 
ethylene glycol di-2-ethyibutyrate. and the blend was thoroughly melt-kneaded with a mixing roll and press-molded with 
a pres^ng machine at 150*^0 for 30 minutes to provide an interlayer film of 0.76 mm in thickness. The particle diameters 
20 of sodium and potassium salts in the interlayer film were determined by secondary Ion imaging with a time-of-flight sec- 
ondary Ion mass spectrometer (TOF-SIMS) (PHI EVANS; TFS-2000). As a result, the particle diameter of the sodium 
salt in the intertayer film was 1 jun and that of the potassium salt was less than 0.5 |i m. 

[0140] The elemental sodium content of this Interlayer fflm was 6 ppm as measured by ICP emission spectrometry. 
ICP emission ^ectrometry is a quantitative method of analysis which comprises decomposing a sample with sulfuric 
25 acid and nitric acid under heating, nnaking the decomposition product up to constant volume with ultrapure water, and 
performing a determination by the ICP-AES method using an ICP-AES (Jan^l-Ash Japan, ICAP-575). 

(3) Production of a laminated glass 

30 [0141] The above intertayer film was sandwiched between transparent float glass sheets (30 cm x 30 cm x 2.5 mm 
tiiick) and ttie assembly was placed In a mbber bag and deaerated under a vacuum of 20 Torr for 20 minutes. The sam- 
ple thus deaerated was directly transferred to an oven at 90°C and pressed under vacuum at a constant temperature of 
80*C for 30 minutes. 

[0142] The prebonded laminated glass was autoclaved using a pneumatic autoclave at a pressure of 12 kg/cnr 
35 and a temperature of tSS'C for 20 minutes to provide a transparent laminated glass. This laminated glass was sub- 
jected to an adhesion test (Pummel test) and a moist blushing resistance test. 

Performance evaluation 

40 (1) Bonding power (Pummel) test 

[0143] The laminated glass is left standing at -18"C iD-S'^C for condittonlng and then stricken with a hammer having 
. a head weight of 0.45 kg to crush the glass to fragments witti diameters not greater than 6mm. The extent of exposure 
of the sheet after partial exfoliation of the ^ss Is assessed against tiie graded limit samples shown in Table 1 . This test 
45 is designed to find whether ttie bond slrengtfi between the glass and the Interlayer film lies witiiin a predetermined 
range. 



so 



Table 1 



55 



Extent of exposure (%) 


Pammer value 


100 


0 


90 


1 


85 


2 


60 


3 


40 


4 



14 
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Table 1 (continued) 



Extent of exposure (%) 


Pammer value 


20 


5 


10 


6 


5 


7 


Less than 2 


B 



10 

(2) Mdst blushing resistance test • 

[0144] The rBsin film Is cut to 4x4 cm and immersed In deionized water at room temperature {Zd^'C) for 24 hours. 
The haze value was then measured with an integral nephrometer (Tokyo Denshoku). The results are shown in Tabte 2. 

IS 

Example 2 

[0145] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to 1.5 hours. In this case, the interlayer film obtained had 
20 an elemental sodium content of 1 3 ppm. a sodium salt particle diameter of 3 and a potassium salt particle diameter 
of not greater than 0.5 ^m. 

Example 3 

2S [0146] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutralizing agent was altered to ZJS hours, in tMs case, the interlayer fiim obtained had 
an elemental sodium content of 3 ppm, a sodium salt particle diameter of 0.5 yjn, and a potassium salt particle dameter 
of not greater than 0.5 )xm. 

30 Example 4 

[01 47] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
time following addition of the neutrafizing agent was altered to 3.5 hours. In this case, the interlayer fSm obtained had 
an elemental socfium content of 0.9 ppm, a sodium salt particle diameter of not greater than 0.5 (un, and a potassium 
35 salt particle dameter of not greater than 0.5 ^m. 

Comparative Example 1 

[0148] The procedure of Example 1 was repeated except that, in the preparation of the resin, the washing process 
40 time following addition of the neutralizing agent was altered to 1 hours, in this case, the interlayer film obtained had an 
elemental sodium content of 17 ppm and a sodium salt particle diameter of 6 (i m. 

Comparative Example 2 

45 [0149] The procedure of Example 1 was repeated except ttiat, in the preparation of the resin, the washing process 
time folk>wing addition of the neutralizing agent was altered to 0.5 hours. In this case, ttie interlayer film obtained had 
an elemental sodium content of 35 ppm and a sodium salt particle diameter of 13 \inu 

[0150] The evaluation data generated in Examples 1 to 4 and Comparative Examples 1 and 2 are presented in 
. Table 2. 
so 
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Table 2 



5 



IS 



20 



2$ 





Example 


Comp.Ex. 




•1 


2 


3 


4 


1 


2 


lntPria\iAr film 


Number of cartoon in 

I^UIIIUOI Wl wCIIWII HV 

acetai 


4 


4 


4 


4 


4 


4 




Degree of acetaliza- 
tlon (mo!%) 


65.0 


65.0 


65.0 


65.0 


65.0 


65.0 




Average degree of 
polymerization 


1700 


1700 


1700 


1700 


1700 


1700 




Vinylacetate content 
(mol %) 


1.1 


1,1 


1.1 


1.1 


1.1 


1.1 




Plasiicizer content 
(weight parts) 


40 


40 


40 


40 


40 


40 




Na content (ppm) 


6 


13 


3 


0.9 


17 


35 




Partfcle diameter of Na 

im) 


1 


3 


0.5 


0.5> 


6 


13 




K content (ppm) 


0.5 


0.6 


0.5 


0.5 








Particle diameter of K 
Oxm) 


0.5> 


0.5> 


0.5> 


0.5> 






Bonding strength of a laminated glass (Panv- 
mer value) 


8 


8 


8 


8 


8 


8 


Haze after 24 hours immersion (%) 


29 


37 


24 


16 


67 


92 


Total evaluation 


o 


o 


o 


O 


X 


X 



[0151] it is apparent that very satisfactory moisluna resistance was otitained in Examples 1 to 4. 
Example 5 

(1 ) Preparation of a re^n 

40 [0152] To 2890 g of pure water was added 275 g of a pdy(vinyl atcohol) with an average polymerization degree of 
1700 and a saponificatton degree of 96.9 mole %. and the nuxture was warmed for dissolving. After the reaction system 
was adjusted to 12"^^, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the nux- 
ture was incubated at the same temperature to precipitate the reaction product. 

[01 53] The reaction mixture was then held at 45'^C for 3 hours to carry the reaction to compietion. This reaction mix- 
4$ ture was washed with an excess (30 times the resin) of water to rennove the unreacted n-butyraldehyde and the catalyst 
hydrochloric acid was neutralized with aqueous potassium hydroxide solution, the common neutralizing agent The 
product was rinsed witii an excess of water for 2 hours and dried to provide a poly(vinyl butyral) resin as white powder. 
[01 54] This rean had a vinylacetal content (degree of acetailzation) of 65.0 mole % and a vinyl acetate content of 
1.1 mole%. 

50 

(2) Production of an interlayer fiim 

[0155] The above poly(vinyl butyral) resin, 1 00 weight parts, was blended with 40 weight parts of tiie plasticizer tri- 
ethylene glycol di-2-ethylt>utyrate. and the blend was thoroughly melt-kneaded with a mixing rdl and press -molded with 
55 a pressing machine at 1 50^*0 for 30 minutes to provide an interlayer film of 0.76 mm in thickness. 

[01 56] The elemental potassium content of this interlayer film was 23 ppm as measured l>y fCP emissktn spectrom- 
etry. The particle diameter of the sotfium salt in the interlayer film was less than 0.5 ]xm and tfiat of the potassium salt 
was less than 3 fim. 
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(3) Productbn of a laminated glass 

[0157] The above interlayer fiim was sandwiched between transparent float glass sheets (30 cm x 30 cnn x 2.5 mm 
thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 minutes. The sam- 
5 pie thus deaerated was directly transferred to an oven at 90^ and pressed at a constant temperature of 80**G for 30 
minutes. 

[0156] The prebonded laminated glass was autoclaved using a pneumatic autoclave at a pressure of 12 leg/cm^ 
and a temperature of 135^ for 20 minutes to provide a transparent laminated glass. 

10 Example 6 

[0159] The procedure of Example 5 was repeated except that, in the preparation of the resins the washing process 
time following addition of the neutraiizing agent was altered to 2.5 hours. In this case, the interlayer fUm obtained had 
an elemental potassium content of 5 ppm, a potassium salt particle diameter of 1 )xm. and a sodium salt particle cfiam- 
IS eter of not greater than 0.5 ^m. 

Example? 

[0160] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
20 time foliqwing addition of the neutralizing agent was altered to 3.5 hours. In this case, the interlayer film obtained had 
an elemental potas^um content of 0.7 ppm, a potassium salt particle diameter of not greater than 0.5 ^m, and a sodium 
salt particle diameter of not greater than 0.5 (im. 

Comparative Example 3 

25 . 

[0161] The procedure of Example 5,was repeated except that» in the preparation of the resin, the washing process 
time following addition of the neutraTizing agent was altered to 1 hour. In this case, the interlayer film obtained had an 
elemental potassium content of 1 04 ppm and a potassium salt particle diameter of 6 \m. 

30 Comparative Example 4' 

[0162] The procedure of Example 5 was repeated except that, in the preparation of the resin, the washing process 
time fcdiowing addition of the neutralizing agent was altered to 0.5 hour, in this case, the interlayer film obtained had an 
elemental potassium content of 220 ppm and a potassium salt particle diameter of 9 pin. 
35 [0163] The laminated glasses obtained In Examples 5 to 8 and Compamtive Examples 3 and 4 were respectively 
subjected to a boncfing power (Pummel) test and a moisture resistance test under the same conditions as described 
above. The results of ev^uation are collectively presented In Table 3. 



17 



EPI 022261 A1 



Table 3 





Example 


Comp 


>. Ex. 




5 


6 


7 


3 


4 


Interlayer film 


Numtier of carbon In acetal 


4 


4 


4 


4 


4 


Degree of acetalization 


65.0 


. 65.0 


65.0 






AvAranA decmee of Di^xnnsrl- 

zatlon 


1700 


1700 


1700 


1700 


1700 


Vinylacetate content (mol%) 


1,1 


1.1 


1.1 


1.1 


1.1 


Plastlclzer content (weight 
parts) 


40 


40 


40 


40 


40 


K content (ppm) 


23 


5 


0.7 


104 


220 


Particle diameter of K (jxm) 


3 


1 


0.5> 


e 

w 


Q 
9 


Na content (ppm) 


0.7 


0.6 


0.6 






Particle diameter of Na (jyun) 




0.5> 


0S> 






Bonding strength of a laminated glass (Pammer value) 


8 


8 


8 


8 


7 


Haze after 24 hours of nmnersion (%) 


24 


20 


14 


60 


92 


Total evaluation 


O 


o 


O 


X 


X 



[0164] It will be apparent that very satisfactory mdsture redstance was obtained in Examples 5 to 7. 
Example 8 

(1) Preparation of a resin 

[01 65] To 2890 g of pure water was added 275 g off a poly(vlnyl alcohol) with an average polymerization degree of 
1700 and a saponification degree of 98.9 mole %, and the mixture was wanned for dissolving. After the reaction system 
was acOusted to 12**C, 201 g of 35% hydrochloric add catalyst and 148 g of n-butyraldehyde were added and the mix- 
ture was incubated at the same temperature to precipitate the reaction product, 

[01 66] The reaction mixture was then held at 45*C for 3 hours to cany the reaction to completion. This reaction mix- 
ture was washed with an excess of water to remove tf^ unreacted n-butyraldehyde and the catalyst hydrochloric acid 
was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. The product was rinsed with 
an excess of water and dried to provide a poly( vinyl bulyral) resin as white powder. This resin had a vinyl acetal content 
{degree of acetafization) of 65.0 mole %. 

(2) Production of an interlayer ffim 

[01 67] The above polybutyral resin, 1 00 weight parte, was blended with 40 weight parte of the plastlclzer triethylene 
glycol di-2-ethyibutyrate, and the mixture was press-molded with a pressing machine to provide an interlayer film. The 
elemental sodium content of this interlayer film as determined with an ICP emission spectrometric elemental analyzer 
was 13 ppm. The particle diameter of sodium salt in the Interleq^r film was 3 pin. 

(3) Production of a laminated glass 

[0168] The above interlayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
was placed in a rubber bag and effected hot-press bonding at a temperature of 60*C and a pressure of 5 kg/cm^ under 
suction degassing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to prowde a laminated glass. 
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Example 9 



[0169] Except that the hot-press bonding temperature for the ^brication of a laminated gfass was altered to 80°C. 
the procedure of Example 8 was otherwise repeated to provide a laminated glass. The particle diameter of the sodium 
$ salt in the interlayer film was 3 \m. 

Example 10 

[0170] Except that the hot-press bonding temperature for the fabrication of a laminated glass was altered to lOO^'C, 
10 the procedure of Example 8 was othenArlse repeated to provide a laminated glass. The partide diameter of the sodium 
salt in the interior film was 3 ^m. 

Comparative Example 5 

IS [01 71] Except that the hot-press bonding temperature for the fabrication of a laminated glass ws altered to SCO, 
the procedure of Example 8 was otherwise repeated to provide a laminated glass. The sodiion content of the otilatned 
Interlayer fOm was 30 ppm and the particle diameter of the sodium salt thereof was 1 1 

[0172] The glass laminates obtained In Examples 8 to 1 0 and Comparative Example 5 were respectivety subjected 
to a bonding power (Pummel) test and a heat resistance test under the following conditions. A moisture re^stance test 
20 wais also performed using Ihei sartie cbhditibhs as in Example 1 . 

Evaluation Methods 

(1 ) Bonding power (Pummel) test 

25 

[0173] The laminated glass is cooled at for 2 hours and, then, mounted on an automatic hammering 
machine. The whole surface of the laminated glass is uniformly strickened with the hammer t^d and the area of glass 
fragments adhering to the intedayer film Is visually assessed against the graded limit samples shown in Table 1 to eval- 
uate the bonding power (Pummel value). The graded limit sample is based on a 10-polnt scale giving 1 point for mini- 
30 mum adhesion and 10 points for maximum adhesion. The automatic hammering machine used Is equipped with a 
hammer head having a curved bottom surface having a radius of curvature of 50 mm and an effective strildng diameter 
of 5 mm and weigl^ng 240 g and the impact force of the hammer head is acQustable with a spring screw. 

(2) Heat resistance test 

35 

[0174] In confonnity with JIS R3205 "Laminated Glass", the sample laminated glass is left standing in an atmos- 
phere at 130'*C for 2 hours and then taken out and the presence or absence of air cells is visually examined. 
[0175] The results obtained in Examples 8 to 1 0 and Comparative Example 5 are collectively shown in Table 4. 

40 

Table 4 





Example 


Compar. Ex. 




8 


9 


10 


5 


Na content (ppm) 


13 


13 


13 


30 


Particle diameter of Na ( \im) 


3 


3 


3 


11 


Bonding strength of the laminated glass (Pammer value) 


1 


5 


8 


5 


Haze after 24 hours of immersion (%) 




38 


33 


66 


Presence or absence of air form after Heat resistance test 


none 


none 


none 


none 


Total evaluation 


o 


o 


o 


X 
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Example 1 1 

(1) Preparation of a resin 

5 [0176] To 2890 g of pure water was added 275 g of a poly(vinyl alcohol) with an average polymerization degree of 
1 700 and a s^nification degree of 98.9 mole %. and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 12*'C, 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the mix- 
ture was incubated at the same temperature to precipitate the reaction product. 

101 77] The reaction mixture was then held at 45**C for 3 hours to can7 the reaction to completion. This reaction mix- 
10 ture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde. The pH of the 
system at this stage was found to be pH 5.1 . The system was then dehydrated with Center dehydrating machine to pro- 
vide a resin of 50% water content This resin was dried in an atmosphere at 60"C and -700 mmHg to provide a 
poly(vinyl butyral) resin as white powder. The acelalizatlon rate of this resin was 65.0 mole %. 

15 (2) Production of an interiayer fOm 

[01 78] The above poly(vinyl butyral) resin, 1 00 weight parts, was blended with 40 weight parts of the plasticizer tri- 
ethylene glycol di-2-ethylbutyrate, and the mixture was press-molded with a pressing machine to provide an interiayer 
film. The elemental sodium content of this interiayer film as determined with an ICP emission spectrometric elemental 
20 analyzer was 0.7 ppm. The particle diameter of sodium salt In the interiayer film was less than 0;5 \im, 

(3) Production of a laminated glass 

[0179] The above interiayer film was sandwiched between two 2.5 mm thick float glass sheets and the assembly 
25 was placed in a njbber bag and hot-pressed at a temperature of 60"C and a pressure of 5 kg/cm^ under suction degas- 
sing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 

Example 12 
30, (1) Preparation of a resin 

[01 80] To 2890 g of pure water was added 275 g of a poly(vinyl alcohol) with an average polymerization degree of 
1700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After tire reaction system 
was adjusted to 12'C, 201 g of 35% hydrochtoric acid catalyst and 148 g of n-butyraldehyde were added and the mbc- 
35 ture was incubated at the same temperature to precipitate the reaction product 

[01 81) The reaction mixture was then held at 45°C for 3 hours to carry tfie reaction to completion. This reaction mix- 
ture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the catalyst 
hydrochloric acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. Then, tiie 
reaction product was rinsed with an excess (30 times the resin) of water at 50**C and dried to provide a pdy(vinyl 

40 butyral) resin as white powder. The degree of acetallzation of this resin was 65.0 mole %. 

(2) Production of an interiayer film. 

[01 82) The above poly(vinyi butyral) rean, 1 00 weight parts, was blended with 40 weight parts of the plasticizer tri- 
45 ethylene glycol dl-2-ethylbutyratB. and the mixture was press-molded with a pressing machine to provide an Interiayer 

film. The elemental sodium content of this interiayer film as determined witti an iCP emission spectrometric elemental 
analyzer was 10 ppm. The particle diameter of sodium salt In the interiayer film was 3 |im. 

(3) Production of a laminated glass 

50 

[0183] The above interiayer film was sandwiched between two 2.5 mm thick float glass sheets and tiie assembly 
was placed in a ruttoer bag and hot-pressed at a temperature of 60"C and a pressure of 5 kg/cm^ under suction degas- 
sing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to jwovide a laminated glass. 

55 Example 13 

[0184] Except that post-neutralization washing was canied out with water at 60^*0, the procedure of Example 12 
was othenwise repeated to provide an interiayer film. The rate of acetalization of this interiayer film was 65.0 mole %. 
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The eieroental sodiuin content of this inteiiayer fflm was 1 5 ppm as determined with an ICP emission spectrometrtc ele- 
mental analyzer. The particle diameter of sodium salt In this Intertayer film was 4 \m. 



10 



IS 



Example 14 

(1) Preparation of a resin 

[0185] To 2890 g of pure water was added 275 g of a poly(vinyl alcohol) with an average polymerization degree of 
1700 and a saponification degree of 98.9 mole %, and the mixture was warmed for dissolving. After the reaction system 
was adjusted to 1 2*^0. 201 g of 35% hydrochloric acid catalyst and 148 g of n-butyraldehyde were added and the mix- 
ture was incubated at the same temperature to precipitate the reaction product. 

[01 86} The reaction mixture was then held at 45''C for 3 hours to carry the reaction to completion. This reaction mix- 
ture was washed with an excess of water to remove the unreacted n-tujtyraldehyde and the catalyst hydrochloric acid 
was neutralized with aqueous magnesium hydroxide solution, the common neutrafizing agent The product was rinsed 
with an excess of water and dried to provide a poly(vlnyl iDutyral) resin as white powder. 



(2) Production of an interlayer film. 

[01 87] The above poly(vinyi butyral) resin. 1 00 weight parts, was blended with 40 weight parts of the plasUclzer tri- 
20 ethylene glycol di-2-ethylt)utymte, and the mixture was press-molded with a pressing machine to provide an interlayer 
film. The elemental sodium content of this interlayer film as determined witii an ICP emission spectrometric elemental 
analyzer was 0.7 ppm. The particle diameter of socBum salt in the Interlayer film was less ttian 0.5 ^m. 

(3) Production of a larnlnated glass 

25 

[0188] The above interlayer film was sandwiched between two 2.5 mm tiiick float glass sheets and the assembly 
was placed In a mbber bag and hot-pressed at a temperature of 60''C and a pressure of 5 kg/cm^ under suction degas- 
sing at a reduced pressure of -600 mmHg in an autoclave for 20 minutes to provide a laminated glass. 
[01 89] The glass laminates bbtained above In Examples 1 1 to 1 4 were respectively subjected to the following heat 
30 resistance test. In addition, a moisture resistance test was cam'ed out in the same manner as In Example 1. However, 
tiie product of Example 14 was subjected to the moisture resistance test only. 



Metiiods of Evaluation 



as (1 ) Heat resisteince test 



[01 90] One gram of the resin was placed In an ordinary test tube and heated in an oil bath at 1 50°C for 60 minutes 
to assess the possible degradation of the resin. 

[0191] The data obtained in Examples 1 1 to 14 are collectively presented In Table 5. 



4$ 



so 



Tables 





Example 




11 


12 


13 


14 


Na content (ppm) 


0.7 


10 


15 


0.7 


Partide diameter of Na (^m) 


' 0.5> 


3 


4 


0.5> 


Heat re^stance test 


OX. 


O.K. 


OX. 




Haze after 24 hours of immersion (%) 


13 


32 


39 


24 


Total evaluation 


O 


o 


O 
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Example 15 

(1) Preparation of a resin 

[0192] To 2890 g of pure water was added 275 g of a poly(vfnyI alcohol) with an average polymerization degree of 
1700, a saponification degree of 98.9 mole % and 0.1 weight % of sodium acetate, and the mixture was waned for dis- 
solving. After tfie reaction system was adjusted to 12*»C, 201 g of 35% hydnachloilc add catalyst and 148 g of n-butyral- 
dehyde were added and the mixture was Incubated at the same temperature to precipitate the reaction product 
[0193] The reaction mixture was then held at 45^*0 for 3 hours to carry the reaction to completion. This reaction mix- 
ture was washed with an excess (30 limes the resin) of water to remove the unreacted n-butyraldehyde and the catalyst 
hydrochloric acid was neutralized with aqueous sodium hydroxide solution, the common neutralizing agent. The product 
was rinsed with an excess of water and dried to provide a poly(vinyl butyral) resin as white powder. 
[01 94] The acetalization degree of this resin was 65 mole %. 

(2) Production of an intertayer film 

[01951 The alwve poly{vinyl butyral) resin, 1 00 weight parts, was blended with 40 weight parts of the plasticizer tri- 
ethylene glycol di-2-ethylbutyrate and the mixture was press -molded with a pressing machine to provide an intertayer 
film. The elemental sodium content of this intertayer film was 8 ppm as determined with an ICP emission spectrometric 
elemental analyzer. 

Example 16 

[0196] Except that 275 g of a poly(vinyl alcohol) with an average polymerization degree of 1700. a saponification 
degree of 98.9 mole %, and a sodium acetate content of 0.4 weight %. the procedure of Example 15 was othenwise 
repeated to provide an trrterlayer fBm. The degree of acetafizatlon of this intertayer film was 65.0 mole %. The elemental 
sodium content of this Intertayer fflm was 13 ppm as determined with an ICP emission spectrometric elemental ana- 
lyzer. 

Example 17 

(1 ) Preparation of a re^n 

[01971- To 2890 g of pure water was added 275 g of a poly(vlnyl alcohoO with an average polymerization degree of 
1700. a saponification degree of 98.9 mole % and a sodium acetate content of 0.1 weight %, and the mbclure was 
wamied for dissolving. After the reaction system was adjusted to 1 2°C. 201 g of 35% hydrochloric acid catalyst and 1 48 
g of n-butyraldehyde were added and the mixture was incubated at the same temperature to precipitate flie reaction 

product ... 
[01 98] The reaction mixture was then held at 45*0 for 3 hours to carry the reaction to completion. This reacbon mix- 
ture was washed with an excess (30 times the resin) of water to remove the unreacted n-butyraldehyde and the catalyst 
hydrochloric acid was neutralized with magnesium octanoate. The product was rinsed with an excess of water and dried 
to pfwide a poly{vinyl butyral) resin as white powder. The acetalization degree of this resin was 65 mole %. 

(2) Production of an intertayer film 

[01 99] The above poly(vinyl butyral) resin, 1 00 weight parts, was blended witfi 40 weight parts of the plasflclzer tri- 
ethylene glycol di-2-ethylbutyrate and the mixture was press-molded with a presang machine to provide an intertayer 
film. The elemental sodium content of tiiis Intertayer film was 2 ppm as determined witii an ICP emission spectrometric 
elemental analyzer. 

Example 18 

[0200J Except that ethylene oxide was used as the neutralizer of the hydrochloric acid catalyst, the procedure of 
Example 17 was othenivise repeated to provide an intertayer film. The degree of acetalization of this intertayer fnm was 
65 mole %. The elemental sodium content of this Intertayer film was 2 ppm as determined with an ICP emission spec- 
trometric elemental analyzer. 

[0201] The intertayer films obtained in Examples 15-18 were respectively subjected to a heat resistance test as in 
Example 1 1 and a moisture resistance test as in Example 1. The results are presented in Table 6. 
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Tables 



15 





Example 




15 


16 


17 


18 


Sodium acetate content in po!y(vinyl alcohol) (wt%) 


0.1 


0.4 


0.1 


0.1 


Ma content (^m) 


8 


13 


2 


2 


Particle diameter of Na btm) 


0.6 


2 


0.5> 


0.5> 


Heat resistance test 


O.K. 


O.K. 


O.K. 


O.K. 


Haze after 24 hours of immersion (%) 


19 


35 


11 


10 


Total evaluation 


0 


O 


o 


O 



Example 19 

(1) Preparation of a poly (vinyl acetal) redn 

[0202] To 2890 g of pure water was added 275 g of a pofy(vinyl alcohol) with an average polymerization degree of 
1 700 and a saponification degree of 98.9 mole %, and the mixture was warmed for cfissotving. After the reaction system 
was adjusted to 1 2''C, 201 g of 35% weight hydrochloric add catalyst and 148 g of n-butyraldehyde were added and the 
mixture was incubated at the same temperature to precipitate the reaction product. The reaction mixture was then held 

2$ at 45*^0 for 3 hours to carry the reaction to completion. This reaction mixture was washed with an excess of water to 
remove the unreacted n4)utyraldehyde and the catalyst hydrochloric acid was neutralized with aqueous sodium hydrox- 
ide solution, the common neutraPizing agent. The product was rinsed with an excess of water for 2 hours and dried to 
provide a poly(vinyl butyral) resin as white powder. This resin had an average butyrallzation degree of 64 mole % and 
a residual acetyl group content of 1 mole %. (2) Production of an interlayer film for laminated glass 

30 [0203] To 1 00 parts of the above poly(vinyl butyraO resin (average degree of polymenzafion: 1 700, average butyral- 
lzation degree: 64 mole %, residual acetyl group content: 1 mole %) were added 40 parts of the plasticlzer triethylene 
glycol di-2-ethylbutyrate and 0.08 part of magnesium octanoate as the bond strength control agent The mixture was 
thoroughly melt-kneaded with a mixing roll and press-molded with a pressing machine at ISO^'C for 30 minutes to pro- 
vide an interlayer Iflm for laminated glass having an average thickness of 0.76 mm. 

35 [0204] This interiayer film for laminated glass had a sodium content of 1 0 ppm and a sodium salt partkHe diameter 
of 1 ^m. The particle diameter of magnesium salt in the interiayer film was 0.9 ^m as determined with a time-of-ffiglit 
secondary ion mass spectrometer (TOF-SIMS). 

(3) Production of a laminated glass 

40 

[0205] The above interlayer film for laminated glass was sandwiched between transparent float glass sheets (30 cm 
x 30 cm X 3 mm thick) and the assembly was placed in a rubber bag and deaerated under a vacuum of 20 Torr for 20 
minutes. The deaerated assembly was directly transfenBd to an oven and pressed under vacuum at 90^C for 30 min- 
utes. 

45 [0206] The prebonded laminated glass thus obtained was further subjected to post-bonding In a preumatic £Uito- 
dave at a temperahjre of 135^0 and a pressure of 12 kg/cm^ for 20 minutes to provide a laminated glass. 

Example 20 

so [0207] Except tfiat. In the production of an Interlayer fSm for laminated glass. 0.09 part of magnesium neo- 
decanoate was used in lieu of 0-08 part of magnesium octanoate as the bond strength control agent, the procedure of 
Example 19 was olhenwise repeated to provkJe an interlayer film for laminated glass and a laminated glass. 
[0208] The particle diameter of magnesium salt in the interlayer film for laminated glass obtained in the above man- 
ner was 0.5 ^m as determined by the same method as in Example 19. 

55 

Example 21 

[0209] Except that, in the production of an interlayer film for laminated glass, 0.04 part of magnesium chloride was 



23 



EP 1022 261 A1 

used in lieu of 0.08 part of magnesium octanoate as the bond strength control agent, the procedure of Example 1 9 was 
otherwise repeated to provide an interiayer film for laminated glass and a lam!r\ated glass. 

[0210] The panicle diameter of magnesium salt in the interiayer fUm for laminated g^ass obtained in the above man- 
ner was 2 ^m as determined by the same method as in Example 1 9. 

5 

Example 22 

[0211] Except that, In the production of a poiy(vinyl acetal) resin, base magnesium carbonate was used in lieu of 
aqueous sodium hydroxide solution as the neutralizing agent, the procedure of Example 19 was otherwise repeated to 
10 provide a white powdery poly(vinyi butyral) resin with an average polymerization degree of 17(X), an average butyrali- 
ration degree of 64 mole %, and a residual acetyl group content of 1 mole %. 

[021 2] Then, an interiayer film for laminated ^ass and a laminated glass were prepared in substantially the same 
manner as in Example 19 except that, in the preparation of the interiayer film for laminated glass. 1 00 parts of the above 
poly(vinyl butyral) resin was used In lieu of 100 parts of the poly(vinyl butyral) resn prepared in Example 19 and the 
15 addition of 0.08 part of magnesium octanoate as the bond strengtfi control agent was omitted. 

[0213] This interiayer f^m had a sodium content of 0.7 ppm and a sodium salt petrticle dameter of not greater than 
0.5 |im. The particle diameter of magnesium salt in this interiayer film was 2 (im as determined in the same manner as 
In Example 19. 

20 Example 23 

[0214] Except that, in the preparation of poly(vinyl acetal) resin, aqueous magnesium hydroxide solution was used 
in lieu of aqueous sodium hydroxide solution as the neutralizing agent, the procedure of Example 19 was othenirlse 
repeated to provide a white powdery poly(vlnyl butyral) resin with an average polymerization degree of 1700, an aver- 
ts age butyraftzation degree of 64 mole % and a residual acetyl group content of 1 mole %. 

.[0215] Then, an interiayer film for laminated glass and a laminated glass were prepared in substantially the same 
manner as In Example 19 except that 100 parts of the above poly(vinyl butyrai) resin was used in tieu of 100 parts of 
the poly(vinyl butyral) resin ot>tained In Example 19 and ^e adcfition of 0.08 part of magnesium octanoate as the bond 
' strength control agent was omitted in the preparation of the interiayer film, 

30 [0216] This interiayer film had a sodium content of 0.7 ppm and a sodium salt particle diameter of not greater than 
0.5 (im. The particle diameter of magnesium salt in this Interiayer film was 2;5 pm as detemnin^ In the same manner 
as in Example 19. 

Comparative Example 6 

35 

[0217] Except that 0.04 part of magnesium acetate, which is sparingly soluble In poly(vinyl butyral) resin and plas- 
ticizer, was used in tieu of 0.08 part of magnesium octanoate as the bond strength control agent in the preparation of 
an interiayer film for laminated glass, the procedure of Example 1 9 was othennrise repeated to provide an interiayer film 
for laminated glass and a laminated glass. 
40 [021 8] The particle diameter of magnesium salt in the interiayer fUm for laminated glass obtained in the above mari- 
ne r was 10 |im as determined by the same rhethod as in Example 19. 

Comparative Example 7 

45 [0219] Except that 0.04 part of magnesium acetate which Is sparingly sduble m poly(vinyl butyral) resin and plas- 
ticizer and 0.05 parts of txitylic acid wfuch is short-chain organic acid were used in lieu of 0.08 part of magnesium 
octanoate as the bond strength control agent in the preparation of an interiayer film for laminated glass, the procedure 
of Example 19 was othenwise repeated to provide an interiayer fOm for laminated glass and a laminated glass. 
[0220] The particle diameter of magnesium salt In the interiayer fQm for laminated glass obtained in the above man* 

50 ner was 4 pmn as determined by the same method as in Example 19. 

[0221] The interiayer film for laminated glasses obtained in Examples 1 9 to 23 and Comparative Examples 6 and 7 
were respectively subjected to a moisture resistance test as in Example 1. The results are presented In Tat)le 7. 
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Table 7 





Example 


Comp. Ex. 




19 


20 


21 


22 


23 


6 


7 




Nun^r of car- 
bon in acetal 


4 


4 


4 


4 


4 


4 


4 




Avarage 
degree of 
butyrafization 
(mole%) 


64.0 


64.0 


64.0 


64,0 


64.0 


64.0 


64.0 




Readual acetyl 
group content 
(nf)Oie%) 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 




Avarage 
degree of 
polymerization 


1 fW 


1 /UU 


i / UU 


1 /UU 


I # UU 


i7nn 


i7nn 




Plasticizer 
(wtparts) 


40 


40 


40 


40 


40 


40 


40 




Na content 
(ppm) 


10 


10 


10 


0.7 


0.7 


10 


10 




Particle diame- 
ter of Na Oim) 


1.0 


1.0 


1.0 


0.5> 


0.5> 


1.0 


1.0 




Addition 
amount of 
magnesium 
salt(wt.parts) 


0.08 


0.09 


0.04 


0 


0 


0.04 


0.04 




Particie diame- 
ter of magne- 
sium salt (iim) 


0.9 


0.5 


2.0 


2.0 


2.5 


10.0 


4.0 


Haze after 24 hours of immesion 

(%) 


19.0 


16.4 


26.8 


28.4 


38.3 


92.0 


67.2 


Tatal evaluation 


O 


O 


O 


O 


o 


, X 


X 



[0222] It will be apparent from Table 7 that tfie laminated glasses according to Examples 19 to 23 of the Invention 
have excellent moisture resistance. In contrast, the glass laminates according to Comparative Examples 6 and 7» in 
which the particle diameters of magnesium salt contained in the interlayer flms were over 3 \im, showed poor moisture 
resistance. 



Example 24 

Synthesis and production 
(Synthesis of poly{vinyl butyral) resin) 

[0223] A reactor equipped with a stirring means was charged with 2900 weight parts of deionized water and 198 
weight parts of a poly(vinyl alcohoO with an average polymerization degree of 1 700 and a saponification degree of 99.2 
mole % (conresponding to 4.5 mols of vinyl alcohol) and the charge was heated to BS^'C with stlnring for dissolving. After 
this solution was cooled to 30^. 208 weight parts (2.1 moles) of 35 weight % hydrochloric acid and 152 weight parts 
(2.1 moles) of n-butyraldehyde were added. After the liquid temperature was lowered to 2*0, the reaction system was 
maintained at this temperature to precipitate the po!y(vinyl butyral) resin. The liquid temperature was then raised to 
30"C and maintained at this level for 5 hours. Thereafter, the reaction mixture was neutralized with 166 weight parts (1 .8 
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moles) of sodium hydrogencarbonatei washed with water and dried to provide a poty(vinyl butyraO resin wfth a butyral- 
ization degree of 65 mde %. 

[0224] The sodium content of this poty(vinyl butyral) resin was 50 ppm as determined by fCP emission spectrome- 
try. The particle diameter of the sodium salt was 1 2 )im. 

5 

(Production of a resin film) 

[0225] One hundred (100) weight parts of the poly(vlnyl butyral) resin obtained as at)ove» 40 weight parts of trieth- 
ylene glycol di-2-ethylbutyrate. 0.05 weight part of ethylenediaminetetraacetic acid, 0,04 weight part of magnesium 2- 
10 ethylbutyrate and 0.05 weight part of modified silicone oil were fed to a mixing roll and kneaded. Using a pressing 
machine, this kneaded material was press-molded at 1 50°C and 120 kg/cm^ for 30 minutes to provide a resin film of 0.8 
mm in thickness. This resin film was subjected to a moisture resistance test as in Example 1 . 
[0226] As the modified silicone oil, the oil of the following chemical formula was used. 

CHf y- o -l St O I i g-0^y»CHs 
CH) \CH, Oh 

* (CHa)rO-1iCH<CIVJ|»-<:,H^ 



25 

Example 25 

[0227] A resin fQm was prepared and evaluated in the same manrier as in Example 24 except that 0.08 weight part 
of saiicyiatetehyde was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in 
30 Tables. 

Example 28 

[0228] A resin film was prepared and evaluated in the same manner as in Example 24 except that 1 .0 weight part 
35 of oxalic actel was used in lieu of 0.05 weight part of ethylenediaminetetraacetic add. The results are shown in Table 8. 

Example 27 

[0229] A resin film was prepared and evaluated in the same manner as In Example 24 except that 0.03 weight part 
40 of 1 ,10-phenanthroline was used in lieu of 0.05 weight part of ethylenediaminetetraacetic add. The results are shown 
in Table 8. 

Example 28 

45 [0230] A re^n film was prepared and evaluated in the same manner as in Example 24 except that 0.3 weight part 
of acetylacetone was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in Table 
8. 

Comparative Example 8 

50 

[0231] A resin film was prepared and evaluated in the same manner as In Example 24 except that 0.05 weight part 
of ethylenediaminetetraacetic add was not used. The results are shown in Table 8. 

Comparative Example 9 

55 

[0232] A resin film was prepared and evaluated in ttie same manner as in Exan^>le 24 except thsft 0.3 weight part 
of acetone was used in lieu of 0.05 weight part of ethylenediaminetetraacetic acid. The results are shown in Table 8. 
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Table 8 

5 
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^1 
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2 6. 0 


2 8. S 


3 5. 6 


3 9. S 


09 

CO 
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silicone 
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in 
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in 
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m 
o 
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o 
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o 
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o 
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1 
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Example 29 

(1) Preparation of poly(vinyl acetal) resin 

[0233] In 2890 g of pure water was dissolved 275 g of a poly(vinyl alcohol) having an average potymsnzation 
degree of 1700 and a saponification degree of 98.9 mole % under heating. After this reaction system was adjusted to 
12''C. 201 g of 35 weight % hydrochtorlc acid catalyst and 148 g of n-butyraldehyde were added and the mixture was 
incubated at this temperature to predpitale the reaction product. This reaction system was held at AS'C for 3 hours to 
carry the reaction to completion. The reaction mixture was then washed with an excess of water to remove the unre- 
acted n-butyraldehyde and the hydrochloric add cataly^ was neutralized with aqueous socfium hydroxide solution, the 
common neutralizing agent. The product was rinsed with an excess of water for 2 hours and dried to provide a white 
powdery poly(vinyl butyral) resin. This resin had an average butyralization degree of 64 mole % and a resin acetyl group 
content of 1 mole %. 

(2) Production of an interlayer film for laminated glass 

[0234] To 100 parts of the above poly(vlnyl butyral) resin (average polymerization degree: 1700, average butyrali- 
zation degree: 64 mole %,. residual acetyl group content 1 mole %) were adkJed 40 parts of the plasticlzer triethylene 
glycol di-2'^thylbutyrate, 0.75 part of dodecylbenzenesulfonlc add as the organic acid and 0.13 part of dimethyloc* 
tylamine as the amine. The mixture was thoroughly mett-kheaded with a mixing roil aihd press-mbldisd with a pressing 
machine at 150^*0 for 30 minutes to provide an interlayer film for lanvnated glass having an average thickness of 0.76 
mm. 

[0235] The sodium content of the above interlayer film was 50 ppm as detenmined by ICP errrfs^on spectrometry 
The partide diameter of elemental sodium In the Interlayer fflm was 4 |im as determined lay lime-of-fiight secondary ion 
mass spectrometry (TOF-SIMS). 

(3) Production of a lamirmted glass 

[0235] The above Interlayer film was sandwiched between two transplant float ^ass sheets (30 cm x 30 cm x 3 mm 
thick) and the assembly was placed in a mbber bag and deaerated under a vacuum of 20 Ton" lor 20 minutes. The 
deaerated assembly was immediately transfierred to an oven at 90*C and pressed under suction at a constant temper- 
ature of 80°C for 30 minutes. 

[0237] The prebonded glass thus obtained was subjected to post-tx>nding in a pneumatte autoclave at 135*C and 
1 2 kg/cm^ for 20 minutes to provide a laminated glass. 

[0238] The interlayer film for laminated glass ttius obtained was subjected to a moisture resistance test as In Exanrv 
ple 1. The results are shown in Table 9. 

• Example 30 

[0239] A resin film was prepared and evaluated as in Example 29 except that 0.30 part of octanoic acid was added 
in lieu of 0.75 part of dodecylbenzenesulfonic add as \he organic add and 0.35 part of decylamine In lieu of 0.13 part 
of dimethyloctylamine as the amine In the preparation of the Interlayer film for laminated glass. The results are shown 
in Table 9. 

[0240] The particle diameter of the elemental sodium in the above interlayer film was 5 jxm as detemiined in the 
same manner as in Example 29. 

Example 31 

[0241] A resin film was prepared and evaluated as in Example 29 except that 0.20 part of di(2-etfvihexyl)phos- 
phork: add was added in lieu of 0.75 part of dodecylbenzenesulfonic acid as the organic acid in the preparatk>n of the 
interiayer film for laminated glass. The results are shown in Table 9. 

[0242] The particle diameter of the elemental sodium in the interlayer film was 2 iim as determined by the same 
method as in Example 29. 

Comparative Example 10 

[0243] A resin film was prepared and evaluated as in Example 29 except that the dispersant organic add and amine 
were not addeld in the preparation of the interlayer film for laminated glass. The results are shown in Table 9. 
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[0244] The particle diameter of the elemental sodium in the above tnterlayer film was 20 \m as determined in the 
same manner as in Example 29. 

Comparative Example 1 1 

5 

[0245] A resin film was prepared and evaluated as in Example 29 except that the addition of the dispersant organic 
acid and amine was omitted and the washing time was altered from 2 hours to 3 hours In the preparation of the inter- 
layer film for laminated ^ass. The results are shown in Table 9. 

[0246] The sodium content of the interlayer film was 30 ppm as determined by the same procedure as in Example 
10 29. The particle diameter of the elemental sodium as detemnined by the same method as in Example 29 was 1 3 |im. 



TaWe9 





Example 


Comp.Ex. 




29 


30 


31 


10 


11 


Interlayer film 


Number of carbon in acetal 


4 


4 


4 


4 


4 


Avarage degree of butyraltzation 
(mole%) 


64.0 


64.0 


64.0 


64.0 


64.0 


Reddual acetyl group content {nriole%) 


1.0 


1.0 


1.0 


1.0 


1.0 


Avarage degree of polymerization 


1700 


1700 


1700 


1700 


1700 


Plasticizer (wt-parts) 


40 


40 


40 


40 


40 


Na content (ppm) 


50 


50 


50 


50 


30 


Particle diameter of Na Oim) 


4 


5 


2 


20 


13 


Haze after 24 hours of iminesk>n(%) 


26 


28 


20 


92 


72 


Tatal evaluation 


o 


O 


o 


X 


X 



Example 32 



Synthesis and sheet formation 
(Synttiesis of poly(vinyl butyral) resin) 

[0247] A reactor equipped with a stirring means was charged with 2900 weight parts of deionized water. 1 98 weight 
parts of a poly(vinyl alcohol) having an average polymerization degree 1700 and a ^poniftcation degree of 992 mole 

40 % (corresponding to 4.5 moles of vinyl alcohol) and the charge was heated at 95*'C with stirring for dissohring. After this 
solution was cooled to 30^*0, 196 weight parts (1.9 moles) of 35 weight % hydnxhbric add and 152 weight parts (2.1 
moles) of n-butyraidehyde were added. After the liquid temperature was lowered to Z'^C, the reaction mixture was Incu- 
bated at this temperature to precipitate the poly(vlnyl butyral) resin. The liquid temperature was then raised to 30*C and 
maintained at tills level for 5 hours. Thereafter, the reaction mixture was neutralized witii 147 weight parts (1 .7 moles) 

4s of sodium hydrogencarbonate. washed witii water and dried to provide a poly(vinyl butyral) resin witti a butyralization 
degree of 65 mole %. 

[0248] The sodium content of this poly(vinyl butyral) resin vt/as 50 ppm as determined by ICR emission spectrome- 
try. The particle diameter of sodium salt was 12 

50 (Preparation of a resin film) 

[0249] One hundred (100) weight parts of the above poly(vinyl butyral) resin, 40 weight parts of methylene glycol 
di-2-etiiylbutyrate, 0.43 weight part of p-toluenesulfbnic acid and 0.23 weight part of hexylamine were fed to a mixing 
roll and kneaded. This kneaded material was press-molded with a pressing machine at ISO'^C and 120 kg/cm^ for 10 
55 minutes to provide a resin film of 0.8 mm in thickness. This resin fflm was subjected to a moist blushing resistance test 
as in Example 1 . The results are shown in Table 10. 
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Example 33 

[0250] A resin film was prepared and evaluated as In Example 32 except that 0.49 weight part of tetradecylamine 
was used in lieu of 0J23 weight part of hexylamine. The results are shown in Table 10. 

5 

Example 34 

[0251] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecyll)enze- 
nesulfonic acid was used in lieu of 0.43 weight % of p-toluenesulfonic acid. The reajfts are shown in Table 10. 

10 

Example 35 

[0252] A resin film was prepared and evaluated as in Example 32 except that 0.15 weight part of dodecylbenze- 
nesulfonic acid and 0.07 weight part of decylamine were used in lieu of 0.43 weight part of p-toluenesulfonic acid and 
15 0.23 weight part of hexylamine. The resulte are shown In Table 10. 

Example 36 

[0253] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
20 nesulfonic acid arid 0.36 weight part of decylamine were used In fi^ of 0.43 weight part of p-tduenesuHonic add and 
0.23 weight part of hexylamine. The results are shown In Table 10. 

Example 37 

2S [0254] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonic add and 0.42 weight part of dodecytamine were used In lieu of 0.43 weight part of p-tduenesuHbnIc add and 
023 weight part of hexylamine. The resiills are shown In Table 10. 

Example 38 

30 

[0255] A rean film vjras prepared and evaluated as In Example 32 except that 0.75 waght part of dodecylbenze- 
nesulfonic acid and 0.55 weight part of N,N-rfjoctylamine were used in lieu of 0.43 weight part of p-tduenesulfonic add 
and 0.23 weight part of hexylamine. The results are shown In Table 10. 

35 Example 39 

[0256] A re^n fBm was prepared and evaluated as in Example 32 except that 0.37 weight part of dodecylbenze- 
nesulfonic add and 0.18 weight part of N.N-dimethyloctylamlne were used in lieu of 0.43 weight part of p-tduenesul- 
fbrac add and 0.23 weight part of hexylamine. The results are shown In Table 10. 

40 

Example 40 

[0257] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part of dodecylbenze- 
nesulfonlc add and 0.36 weight part of N,N-dimethyloctylamlne were used In lieu of 0,43 weight part of p-tduenesul- 
45 fonic add and 022 weight part of hexylamine. TTie results are shown in Table 10. 

Example 41 

[0258] A resin film was prepared and evaluated as in Example 32 except that 0.75 weight part d dodecylbenze- 
50 nesulfonic acid and 0.49 weight part of N,N-dlmethyldodecylamine were used in lieu of 0,43 weight part off p-toluenesul- 
fonic acid and 0.23 weight part of hexylamine. The results are shown in TaWe 10. 

Comparative Example 12 

55 [0259] A re^n film was prepared and evaluated as In Example 32 except that the addition of 0.43 weight part of p- 
tduenesulfonic add and 0.23 weight part of hexylamine was omitted. The results are shown in Table 10. 
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Comparative Example 13 

[0260] A resin film was prepared and evaluated as in Example 32 except that the addition of 0.43 weight part of p- 
toluenesutfonic acid was omitted and 0.36 weight part of decylamtne was used in lieu of 0.23 weight part of hexylamine. 
5 The results are shown in Table 1 0. 

Comparative Example 14 

[0261] A resin film was prepared and evaluated as in Example 32 except that the addition of 0.23 weight part of hex- 
10 ylamine was omitted. The results are shown in Table 10. 

Comparative Example 15 

[0262] A resin fDm was prepared and evaluated as in Example 32 except that 0.80 weight part of sodium dodecyl- 
15 benzenesulfonate was used in lieu of 0.43 weight part of p*toluenesulfbnlc acid and 0.23 weight part of hexytamine. The 
results are shown In Table 10. 

Comparative Example 16 

20 [0263] A resin film was prepared and evaluated as in Exam^^e 32 except that 0.33 weight part of dodecyltrimethy* 
lammonium chloride was used in lieu of 0.43 weight part of p-toiuenesuK6nlc acid and 0.23 weight part of hexylamine. 
The results are ^own in Table 10, 

OS Table 10 
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Example 42 

(Preparation of a poly(viny1 butyraf) resin) 

55 [0264] The pol/(vinyl buty ral) resin synthesized tn Example 32 was further rinsed with water and dried to provide a 
poly(v1nyl butyral) resin with reduced sodium salt content. 

[0265] The socfium content of this po)y(vlnyl butyral) re»n was 20 ppm as detennlned by ICR emission spectrome- 
try. The particle diameter of the sodium salt was 3.5 ^m. 



32 



EP1 022 261 A1 



(Preparation of a resin film) 

[0266] One*hundred (1 00) weight parts of the poIy(vinyi - butyral) resin obtained above, 40 weight parts of triethyl- 
ene glycol di-2-ethylbutyrate» 0.33 weight part of dodecylbenzenesulfonic acid and 0.1 7 weight part of decylamine were 
5 kneaded together and press-molded under the same conditions as used In Example 32 to provide a resin film of 0.8 
mm in thickness. This restn film was subjected to a moist blushing test as In Example 1 . The results are shown in Table 
11. 

Example 43 

10 

[0267] A resin film was prepared and evaluated as In Example 42 except that 0.17 weight part of dodecylbenze- 
nesulfonic acid and 0.09 weight part of decylamine were used in lieu of 0.33 weight part of dodecylbenzenesuifonic acid 
and 0.17 weight part of decylamine. 

IS Example 44 

[0268] A resin film was prepared and evaluated as in Example 42 except that 0.03 weight part of dodecylbenze- 
nesuifonic acid and 0.02 weight part oif decylamine were used in lieu of 0.33 weight part of dodecylbenzenesuifonic acid 
and 0.17 weight part of decylamine. 

20 

Example 45 

[0269] A resln film was prepared and evaluated as in Example 42 except that 0. 17 weight part of N,N-dimethy1oc- 
tylamine was used in (leu of 0.17 weight part of decytantine. The results are shown in Table 1 1 . 

25 

Example 46 

[0270] A resin f3m was prepared and evaluated as in Example 42 except that 0.17 weigfit part of dodecylbenze- 
nesuifonic acid and 0.09 weight part of N,N-dfmethyloctylamine were used in lieu of 0.33 weight part of dodecyftsenze- 
30 nesulfonic acid and 0.17 weight part of decylamine. The results are shown in Table 1 1 . 

Example 47 

[0271] A re^n film was prepared and evaluated as In Example 42 except that 0.03 weight part of dodecylbenze- 
35 nesulfonic acid and 0.02 weight part of N ,N-dlmetftyloctylamlne were used in lieu of 0.33 weight part of dodecylbenze- 
nesuifonic acid and 0.17 weight part of decylamine. The results-are shown in Table 11. 

Example 48 

40 [0272] A resin fDm was prepared and evaluated as in Example 42 except that 0.30 weight part of dodecylbenze- 
nesuifonic acid and 0.20 weight part of N.N-dimethyidodecylamine were used In fieu of 0.33 weight part of dodecylben- 
zenesuifonic add and 0.1 7 weight part of decylamine. The results are shown in Table 11. 

Example 49 

45 

[0273] A resln film was prepared and evaluated as in Example 42 ^ept that 0.12 weight part of dodecylbenze- 
nesuifonic acid and 0.08 weight part of N,N-dimethyldodecylamine were used in lieu of 0.33 weight part of dodecylben- 
zenesuifonic acid and 0.17 weight part of decylamine. The results are shown in Table 11. 

50 Comparative Example 17 

[0274] A resin film was prepared and evaluated as in Example 42 except that the addition of 0.33 weight part of 
dodecylbenzenesuifonic acid and 0.17 weight part of decylamine were omitted. The results are shown in Table 11. 

55 Comparative Example 18 

[0275] A resin film was prepared and evaluated as in Example 42 except that the addition of 0.33 weight part of 
dodecylbenzenesuifonic acid was omitted and that 0.36 weight part of decylamine was used in lieu of 0.17 weight part 



33 



EP 1 022 261 A1 

of decylamine. The results are shown m Table 1 1 . 
Compaiatrve Example 1 9 

[0276] A resin film was prepared and evaluated as in Example 42 except that 0.30 weight part of dodecylbenze- 
nesulfonic ackJ was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0. 1 7 weight part of decylamine. 
The results are shown In Table 1 1 . 

Comparative Example 20 

[0277] A resin film was prepared and evaluated as In Example 42 except that 0.50 weight part of sodium dodecyl- 
benzenesulfonate was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0.17 weight part of 
decyiamine. The results are shown in Table 1 1. 

IS Comparative Example 21 

[02781 A resin film was prepared and evaluated as In Example 42 except that 0.50 weight part of dodecyltrimethy- 
lammonium chloride was used in lieu of 0.33 weight part of dodecylbenzenesulfonic acid and 0.17 weight part of 
decyiamine. The results are shown in Table 11. 
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Example 50 

10279] One-hundred (100) weight parts of the poly(vinyl - butyral) resin synthesized In Example 32, 40 weight parts 
of triethylene glycol cll'2-ethytoutyrate, 0.30 weight part of octanoic achJ and 0.35 weight part of decylannine were 
kneaded together and press-molded under the same conditions as In Example 32 to provide a resin film'of O.B mm in 
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thickness. This resin film was subjected to a moist blushing test as in Example 1. The results are shown in Table 12. 
Example 51 

5 [0280] A resin film was prepared and evaluated as in Example 50 except that 0.40 wef^t part of dodecylamine was 
used in lieu of 0.35 weight part of decylamine. The results are shown in Table 12. 

Example 52 

10 [0281] A resin film was pr^red and evaluated as in Example 50 except that 0.45 weight part of tetradecylamme 
was used in lieu of 0.35 weight part of decylamine. The results are shown In TaUe 12. 

Example 53 

15 [0282] A resin film was prepared and evaluated as in Example 50 except that 0.50 weight part of myristic add and 
0.40 weight part of dodecylamine were used in lieu of 0.30 weight part of octanoic a^d and 0.35 weight part of 
decylamine. The results are shown in Table 12. 

Ex^ple54 

20 

[0283] A resin film was prepared and evaluated as in Example 50 except that 0.45 weight part of N,N<lim6thyldo- 
decylamine was used in lieu of 0.35 weight part of decylamine. The results are shown oi Table 12. 

Example 55 

25 

[0284] A resin film was prepared and evaluated as in Example 50 except that 0.30 weight part of benzoic add and 
0.40 weight part of dodecylamine were used in lieu of 0.30 weight part of octanoic add and 0.35 wel^t part of 
decylamine. The results are shown in Table 1 2. 

30 Comparative Example 22 

[0285] A resin film was prepared and evaluated as in Example 50 except that the addition of 0.35 weight part of 
decylamine was omitted. The results are shown in Table 12. 
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Example 56 

[0286] One-hundred (1 00) weight parts of the poly(vinyl - biityral) resin prepared in Example 42, 40 weight parts of 
triethylene glycol di*2-ethylbutyiate, 0.16 weight part of di(n«biityl)phosphoiic acid and 0.14 weight part of 
5 dodecylamine were kneaded together and press-moided under the same conditiois as in Example 32 to provide a resin 
film of 0.8 mm In thickness. Thl^ resin film was subjected to a mdst blusWng resistance test as in Example 1. The 
results are shown in Table 13. 

Example 57 

10 

[0287] A resin film was prepared and evaluated as in Example 56 except that 0.17 weight part of di(n-buty!)phos- 
phoric acid and 0.13 weight part of N.N-dimethyloctylamine were used in lieu of 0.16 weight part of di(n-butyl)phos- 
phoric acid and 0.14 weight part of dodecylamine. The results are shown In Table 1 3. 

IS Example 58 

[0288] A resin film was prepared and evaluated as in Example 56 except that 0.19 weight part of di{n-ethyl- 
hexyOphosphoric acid and 0.11 weight part of dodecylamine were used in lieu of 0.16 weight part off di{n-butyI)phos- 
phorte acid and 0.14 weight part of dodecylamine* The results are shown in Tat^e 1 3. 

so 

Example 59 

[0289] A resin film was prepared and evaluated as In Example 56 except that 0.20 weight part of di{n-ethyl- 
hexyOphosphoric acid and 0.10 weight part of N,N-dimethyloclylam)ne were used In lieu of 0.16 weight part of dKn- 
2S buty1}phosphorlc add and 0.14 weight part of dodecylanrdne. The results are shown in Table 13. 

Example 60 

[0290] A resin flm was prepared and evaluated as In Example 56 except that 0.20 weight part of di(nK!odecyl)phos- 
30 phoric acid and 0.1 0 weight part of dodecylamine were used in lieu of 0.16 wdght part of di(n45Utyl)pho^oric add and 
0.14 weight part of dodecylamine. The results are shown in Table 13. 

Example 61 

35 [0291] A resin film was prepared and evaluated as in Example 56 except that 0.21 weight part of dl(2-dodecyl)phoS' 
phoric add and 0.09 weight part of N,N-dimethyloctylamlne were used in Beu of 0.16 weight part of di(n-butyl)phosr 
phoric acid and 0.14 weight part of dodecylamine. The results are shown in Table 13. 

Example 62 

40 

[0292] A resin film was prepared and evaluated as in Example 56 except that 0.17 weight part of diphenylphos- 
phoric add and 0.1 3 weight part of dodecylamine were used in Heu of 0.1 6 weight part of dl(n-fautyl)phosphoric add and 
0.14 weight part of dodecylamine. The results are shown in Table 13. 

45 Comparative Example 23 

[0293] A resin film was prepared and evaluated as in Example 56 except that 0.30 weight part off sodium mono(n- 
dodecyl)phosphate was used in lieu of 0.16 weight part of di{n-butyl)phosphoric add and 0.14 weight part of 
dodecylamine. The results are shown In Table 13. 

so 

Comparative Example 24 

[0294] A resin film was prepared and evaluated as in Example 56 except that 0.33 weight part of dodecyltrlmethy- 
lammonlum chloride was used in lieu of 0.16 weight part of dl(n-butyl)phosphorfc acid and 0.14 weight part of 
55 dodecylamine. The results are shown in Table 1 3. 
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Example 63 

(1) Preparation of a poly(vlnyl aceta!) resin 

5 [0295] In 2890 g of pure water was dissolved 275 g of a poly(\rinyl alcx)hoO having an average polymeriration 
degree of 1700 and a saponification degree of 98.9 mole % under wanning. After the temperature of the reaction sys- 
tem was adjusted to 12°C, 201 g of 35 weight % hydrochloric acid catalyst and 148 g of n-butyraldehyde were added 
and the mixture was incubated at the same temperature to precipitate ttie reaction product. The reaction system was 
then maintained at 45**C for 3 hours to cany the reaction to completion. The reaction mixture was washed with an 

10 excess of water to remove the unreacted n-butyraldehyde and the catalyst hydrochloric acid was neutralized with aque- 
ous sodium hydroxide solution. The mixture was further washed with an excess of water for 2 hours and then dried to 
provide a white powdery poly(viny] butyral) resin. This poly(vinyl butyrai) resin showed an average polymerization 
degree of 1700, a butyraRzation degree of 65 mole %, a residual acetyl group content of 1 mole %, a residual vinyl aico* 
hoi content of 34 mole %, a neubBi salt (NaCQ content of 20 ppm as sodium, and a neutral salt partble diameter of 2 

IS \im. 

(2) Production of an interlayer film for laminated glass 

[0296] To 1 00 parts of the poly( vinyl butyrai) resin obtained as above were added 40 parts of the plasticizer trieth- 
20 yiene glycol di-2-ethyIbutyrate (3QH), 0.071 part (2.8x1 0"^ mole) of the metal salt of carboxylate (bond strength control 
agent) magnesium 2-«thytbutanoate (of 6 carbons) and suitable amounts of ultraviolet absorber and antioxidant, fol- 
lowed by thorough mixing. The organic acid content of the 3GH used above was 100 ppm. Then, using a compact 
extruder (trade name: Laboplastomill, Toyo Precision Machinery) equipped with a T-dle, the mixture prepared as above 
was extruded at an exbiision temperature of 80 to 180"C and a die exit temperature of 200^*0 to provide an interlayer 
ss film for laminated glass of about 0.8 mm In thickness. 

(3) Production of a laminated glass 

[0297] After the interlayer film for laminated glass prepared as above was conditioned in a constant-temperature, 
30 constant humidity chamber to a water content of 0.4 to 0.5 weight %, it was sandwiched between two float glass sheets 
(2.4 mm thick) and piebonded by means of a roll. This prebonded assembly was post-bonded in an autoclave at a tem- 
perature of 1 30"C and a pressure of 1 3 kgfcnf to provide a laminated glass. 

(4) Evaluation 

as 

[0298] The performance characteristic (Pummel value) of the above laminated glass was evaluated by the method 
described below. The moisture resistance of the laminate was evaluated by the method described in Examine 1 . The 
results are set forth in Table 14. 

40 Evaluatton mettod 

(1) Pummel value 

[0299] The laminated glass left standing at a temperature of -1 8''±0.6*'C for 1 6 hours for conditioning is stricken with 
45 a hammer having a head weighing 0.45 kg until the diameter of glass fragments produced has reached 6 mm or less. 
Then, the extent of exposure of the Interlayer film after partical exfoliation of the glass was evaluated against the graded 
limit sample and converted to a Pammel value according to the criteria shown in Table 1 . The Pummel value was deter- 
mined under three conditions, (a) Initial, (b) after 1 month at 50X, and (c) after 2 months at 50'C. The larger the Pam- 
mel value is, the higher is the bond strength between sheet and glass. By the same token, the smaller the Pammel value 
so is, the fower is the bond strength between the interiayer film and the glass. 

Examples 64 to 69 

[0300] Except that the metal salt of carboxylates shown In Table 14 were respectively used as the bond strength 
55 control agent, the procedure of Example 63 was othennrise repeated to provide interiayer film for laminated glasses and 
glass laminates. 
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Comparative Example 25 



10 



IS 



[0301] Except that 0.04 part (2.8x1 0"^ mole) of magnesium acetate (of 2 cartwns) was used In lieu of 0.071 part of 
magnesium 2^thylbutanoate as the metal salt of cartjoxylate in the preparation of an Interiayer film for laminated gla^ 
the procedure of Example 63 was othenivlse repeated to provide an intertayer fBm for laminated glass and a laminated 
glass. 

Comparative Example 26 

[03021 Except that the metal salt of carboxylate shown in Table 14 was incorporated as the bond strength control 
agent, the procedure of Example 63 was othenwise repeated to provide an intertayer fnm for laminated glass and a lam- 
inated glass. J ^ 
[0303] The performance characteristics of the laminated glasses obtained in Examples 64 to 69 and Comparative 
Examples 25 and 26 were evaluated as in Example 63. The results are set forth in Table 14. 

Table 14 
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Example 70 

[0304] An inlerlayer film for laminated glass was prepared as in Example 63 except that the following composition 
was used: 1 00 parts of the poly(vinyl butyral) resin prepared as in Example 65 (average degree of polymerization: 1 650, 

5 degree of butyralization: 67 mole %, residual acetyl group content: 1 mole %, residual vinyi alcohol content: 32 mole %, 
sodium content: 20 ppm, neutral salt particle diameter: 2 \m) as the poly(vinyl acetal) resin, 36 parts of triethylene gly- 
col dl-2-ethylhexanoate (3Q0) as the plasticizer 0.071 part (2,8x10-^ mole) of magnesium 2-ethylbutanoate (of 6 car- 
bons) as the metal salt of carboxyiate, suitable amounts of ultraviolet absorber and antioxidant 
[0305] Using the interlayer film for laminated glass obtained as above, a laminated glass was fiabricated in the same 

10 manner as in Example 63. 

Examples 71 and 72 

[0306] Except that the metal salt of carboxylates shown in Table 15 were respectively used as the bond strength 
15 control agent, the procedure of Example 70 was othenvise repeated to provide Interlayer film for laminated glasses and 
glass laminates. 

Example 73 

20 [0307] An interlayer film for laminated glass and a larirtinated glass were prepared as in Example 70 except that a 
poly(vlnyl butyral) rean (average degree of polymerization: 1650. degree of butyralization: 67 mole %, residual acetyl 
group content: 1 mole %. residual vinyl alcohol content 32 mole %), the neutral salt (sodium chloride) content of which 
had been reduced to 1 0 ppm as sodium by washing with pure water was used as the poly(vinyl acetal) resin. 

25 Examples 74 to 78 

[0308] Except that the metal salt of carboxylates shown in Table 15 were respectively used as the bond strength 
control agent, the procedure of Example 70 was othenAfise repeated to provide interlayer film for laminated glasses and 
glass laminates. 

30 

Comparative Example 27 

.[0309] An interlayer film for laminated glass and a laminated glass were prepared as In Example 70 except that 
0.04 part (2.8x10-^ mole) of magnesium acetate was added in lieu of 0.071 part of magnesium 2-ethylbulanoate as the 
35 metal salt of carboxyiate in the preparation of an interlayer film for laminated glass. 

[0310] The performance characteristics of the glass laminates obtained in Examples 70 to 78 and Comparative 
Example 27 were evaluated as in Example 63. The results are set forth in Table 15. 

40 Table IS 
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Example 79 

[031 1 J An interlayer film for laminated glass was prepared by the same procedure as in Example 63 except that the 
following sheet composition was used: 100 parts of a poly( vinyl butyral) resin (average degree of polymeriratlon; 1720, 

5 degree of butyralization: 66 mole %, residual acetyl group content 1 mde %, residual vinyl alcohol content 33 mole %. 
socfium content 20 ppm, neutral salt particle diameter: 2 |im) as the poly(vinyl acetal) resin. 39 parts of tetraethylene 
glycol di-2-ethylhexanoate (4G0) as the plastlcizer. 0.079 part (2.8x10^ mole) of magnesium 2-ethylpentanoate (of 7 
carbons) as the metal salt of carboxylate, and suitable amounts of ultraviolet absorber and antioxidant. 
[0312] Using the interlayer film for laminated glass obtained as above, a laminated glass was fabricated as in 

10 Example 63. 

Examples 80 to 82 

[0313] Except that the metal salt of carboxylates shown in Table 16 were respectively used as the bond strength 
IS control agent, the procedure of Example 79 was othenwise repeated to provide interlayer film for lantinated glasses and 
glass laminates. 

Corriparative Example 28 

20 [0314] An interlayer film for laminated glass and a laminated glass were prepared as In Example 79 except that 
0.04 part (2.8x10"* mole) of magnesium acetate (of 2 carbons) was used In lieu of 0.079 part of magnesium 2-ethylpen- 
tanoate as the metal salt of cart)oxylate In the preparation of the interlayer film for laminated glass- 
[0315] The performance characteristics of the glass laminates obtained in Examyiles 79 to 82 and Comparative 
Example 28 were evaluated as in Example 63. The results are set forth in Table 16. 

25 

Table 16 
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Example 63 

[0316] An interlayer film for (aminated glass was prepared as in Example 63 except that the following composition 
was used: 100 parts of a poly(vinyi butyral) resin (average degree of polymerization: degree of 1650, butyralization: 68 

5 mole %, residual acetyl group content: 1 mole %. residual vinyl alcohol content: 31 mole %), the neutral salt (sodium 
chloride) content of which had been reduced to 20 ppm as sodium by washing with pure water, as the poly(vinyl acetal) 
resin, 36 parts of dihexyl adipate (DHA) as the plasticlzer, 0.071 part (2.8x1 0*^ mole) of magnesium 2-e%lbutanoate 
(of 6 carbons) as the metal salt of carboxylate, and suitable amounts of ultraviolet absoiber and antioxidant 
[0317] Using the laminate glass interlayer film obtained as above, a laminated glass was fabricated as in Example 

10 63. 

Examples 84 and 85 

[0318] Except that the metal salt of cartoxylates shown in Table 17 were respectively used as the bond strength 
15 control agent. Interlayer film for laminated glasses and glass lanr^ates were prepared as in Example 83. 

Comparative Example 29 

[0319] An interlayer film for laminated glass and a laminated glass were prepared as in Example 83 except that 
20 0.04 part (2.8x10"^ mole) of magnesium acetate (of 2 cartx>ns) was added in lieu of 0.071 part of magnesium 2-ethyl- 
butanoate as the metal salt of carboxylate in the preparation of the interlayer film. 

Comparative Example 30 

25 [0320] Except that the metal salt of carboxylate shown in Table 17 was used as the bond strength control agent, the 
procedure of Example 83 was otiienmse repeated to provide an interlayer film \m laminated glass and a laminated 
glass. 

[0321] The perfonnance characteristics of the glass laminates obtained in Examples 83 to 85 and Comparative 
Examples 29 and 30 were evaluated as in Example 63. The results are set fbrtti In Table 1 7. 

30 

Table 17 
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Example 86 

[0322] One-hundred (100) weight parts of the poly(vinyl butyraf) resin obtained in Example 42, 40 weight parts of 
triethylene glycol di-2-ethylbutyrate. 0.056 weight part of camphorsulfbnic acid and 0.044 weight part of N,N-dimethy*- 
5 octylamine were kneaded together and press-molded under the same conditions as in Example 42 to provide a resin 
film of 0.8 mm in thickness. This resin film was subjected to a moist blushing test as in Example 1 . The results are 
shown In Table 18. 

Example 87 

10 

[0323] A resin f Om was prepared and evaluated In the same manner as in Example 86 except that 0.043 weight part 
of hydroxypropanesulfontc acid and 0.057 weight part of N.N-dimethyloctylamine were used in lieu of 0.056 weight part 
of comphorsulfonk: acid and 0.044 weigf^ part of N.N-dimethyloctytamine. The results are shown in Table 1 8. 

IS Example 88 

[0324] Except that 0.056 weight part of meatylenesulfonk: acid was used in lieu of 0.056 weight part of camphorsul- 
fonic acid, a resin film was prepared and evaluated as in Example 86. The results are shown in Table 18. 

20 Example 89 

[0325] A resin film was prepared and evaluated as in Example 86 except that 0.08 weight part of dodecylbenze- 
nesulfbnic add and 0.02 weight part of pyridine were used in lieu of 0.056 weight part of comphorsulfonic acid and 
0.044 weight part of N.N-dimethykxrtytamine. The results are shown in Table 18. 

25 

Example 90 

[0326] A resin film was prepared and evaluated as in Example 86 except that 0.061 weight part of dodecylbenze- 
nesulfbnlc acid and 0.039 weight of p-toluidine were used In fieu of 0.056 weight part of camphorsutfonic acid and 
30 0.044 weight part of N,N-cfimethykxrtylamine. The results are shown In Table 1 8. 

Example 91 

[0327] A resin film was prepared and evaluated as In Example 86 except that 0.048 weight part of 1 . 1 -cyclohexan- 
35 ediacetic acid and 0.104 waght part of dodecylamine were used In lieu of 0.056 weight part of comphorsulfonte add 
and 0.044 weight part of N.N-dimethyloctylamine. The results are shown in Table 1 8. 

Example 92 

40 [0328] A resin film was prepared and evaluated as in Example 86 except that 0.042 weight part of salicylic acid and 
0.06 weight part of dodecylamine were used in lieu of 0.056 weight part of camphorsulfonic add and 0.044 weight part 
of N,N-dlmethykx:tylamlne. The results are shown In Table 18. 

Comparative Example 31 

45 

[0329] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of pyridine was used 
HI lieu of 0.056 weight part of camphorsulfonic add and 0.044 weight part of N,N-dimethyloctylamine. The results are 
shown in Table 18. 

50 Comparative Example 32 

[0330] A resin film was prepared and evaluated as in Example 86 except mat 0.1 weight part of salicylic acid was 
used in lieu of 0.056 weight part of camphorsulfbnic add and 0.044 weight part of N,N-dimethyloctylamlne. The results 
are shown in Table 18. 

55 

Comparative Example 33 

[0331] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of sodium cam- 
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phorsulfbnate was used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N,N-dimethyioc* 
tylamlne. The results are shown In Table 18. 

Comparatrve Example 34 

[0332] A resin film was prepared and evaluated as in Example 86 except that 0.1 weight part of pyridinium chloride 
was used in lieu of 0.056 weight part of camphorsulfonic acid and 0.044 weight part of N,N-dimethy)octylamine. The 
results are shown in Table 1 8. 

Table 18 
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55 Example 93 

[0333] One hundred (1 00) weight parts of the poly(vinyl) butyral) resin prepared in Example 42. 40 weight parts of 
triethytene glycol di-2-ethylbutyrate, 0,4 weight part of octanolc acid, 0.11 weight part of N.N-dimethyloclyiamine and 
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0.037 weight part of magnesium 2-ethyIbutyrate were kneaded together and press-molded as in Exanrtple 42 to provide 
a resin film of 0.8 mm in thickness. This resin fiim was subjected to a moist blushing test as In Example 1. 
[0334] in addition, the above resin f3m was sandwiched between two glass sheets (4x4 cm) to fabricate a laminated 
glass. Using this laminated glass, a peeling test was performed by the following method. The results are shown in Table 
5 19. 

Peeling test 

[0335] The laminated glass was immersed in water at eo^'C for 1 weel< and dried in an oven at QO^^C for 4 hours. 
10 This immersion and drying cyde was repeated for a total of 3 times and the degree of exfoliation of the interlayer film 
adjoining to the laminated glass was visually examined. 

Example 94 

IS [0336] A resin film and a laminated glass were prepared and evaluated as In Example 93 ^cept that the amount 
of N,N-dimethyioctylamine was altered to 028 weight part. The results are shown in Table 19. 

Example 95 

20 (0337} A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount 
of octanoic acid was altered to 0.1 weight part and that of N,N-dimeth^octylamine was altered to 0.06 weight part The 
results are shown in Table 19. 

Example 96 

[0338] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the amount 
of octanoic acid and N.N-dimethyloctylamlne were altered to 0.2 weight part and 0.09 weight part, respectively, and, in 
addition, 0.045 weight part of magnesium 2-ethylbexanoate was used in lieu of 0.037 weight part of magnesium 2-ethyl- 
buty rate. The results are shown in Table 1 9. 

Example 97 

[0339] A resin film and a laminated glass were prepared and evaluated as In Example 93 except that the amount 
(rf octandc acid and N,N-dimethy1octylamine were altered to 0.1 weight part and 0.06 weight part, respectively, and that 
35 0.045 weight part of magnesium 2-ethylhexanoata was used in lieu of 0.037 weight part of magnesium 2-ethyibutyrate. 
The results are shown in TaJolie 19. 

Example 98 . . 

40 [0340] A resin fHm and a laminated glass were prepared and evaluated as in Example 93 except that the amount 
of octanoic acid was altered to 0.1 weight part and that 0.06 weight part of decylamlne and 0.045 weight part of mag* 
neslum 2-ethyihexanoate were used In fleu of 0.11 weight part of N.N-dimethytoctylamine and 0.037 weight part of 
magnesium 2-ethylbutyrate. The results are shown in Table 19. 

45 Example 99 

[0341] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that 0.03 weight 
part of di(2-ethyihexyOphosphoric add was used in lieu of 0.4 weight part of octanoic acid and that the amount of N,N- 
dlmethyloctylamine was altered to 0.02 weight part The results are shown in Table 19. 

so 

Comparative Example 35 

[0342] The laminated glass obtained in Comparative Example 1 2 was subjected to a peeling test as in Example 93. 
The results are shown in Table 19. 

55 

Comparative Example 36 

[0343] A resin film and a laminated glass were prepared and evaluated as In Example 93 exc^t that the addition 
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of octanolc acid and N.N-dimethyloctylamine was omitted. The results are shown in Table 19, 
Compaiative Example 37 

5 [0344] A resin film and a laminated glass were prepared and evaluated as in Example 93 except that the addition 
of N.N-dimethyloctylamlne was omitted. The results are shown in Table 19. 

Comparative Example 38 

10 [03451 A resin film and a laminated glass were prepared and evaluated as b Example 93 except that the addition 
of octanolc acid was omitted. The results are shown in Table 19. 

Comparative Example 39 

1$ [03461 A resin fflm and a laminated glass were prepared and evaluated as in Example 93 except that the addition 
of octanoic acid and N.N-dimethyloctylamine was omitted and that 0.045 weight part of magnesium 2-ethylhexanoatB 
was used in lieu of 0.037 weight part of magnesium 2-ethyibutyfate. The results are shown in Table 19. 

Comparative Example 40 

20 

[0347] A resin film and a laminated glass were prepared and evaluated as in Example 93 except tiiat 0.2 weight 
part of octanoic acid and 0.045 weight part of magnesium 2-ethylhexanoate were used in lieu of 0.4 weight part of octa- 
nolc acid, 0.11 weight part of N.N-dimethyloctylamine and 0.037 weight part of magnesium 2-e1hylbutyrate. The results 
are shown In Table 19. 

25 

Comparative Example 41 

[0348] A rean fflm and a laminated glass were prepared and evaluated as In Example 93 except that 0.1 weight 
part of octanoic acid and 0.046 weight part of magnesium 2-ethylhexanoate were used in lieu of 0.4 weight part of octa- 
30 noic acid. 0.1 1 weight part of N.N-dimethyloctylamine and 0.037 weight part of magnesium 2-ethyft>utyrate. The results 
are shown in Table 19. 

Table 19 
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INDUSTRIAL APPLICABILITY 



[0349] Having the constitution described above, the present Invention provides an interlayer fiim for laminated glass 
and a laminated glass, which are substantially free from blushing atong the peripheral edge of the glass even in a highly 
5 humid environment and not compromised in transparency, weather resistance, bond strength and penetration resist- 
ance. 

Claims 

10 1 . An Interiayer film lor laminated glass comprising a plastlclzed poly(vinyl acelal) resin and having the haze after 24 
hours of immersion of not more than 60% when said interiayer film with a thickness of 0.3 to 0.8 mm is Immersed 
lnwaterat23"C. 

2. The interiayer film for laminated glass according to Claim 1 wherein the sodium salt in said Interiayer film has a par- 
ts tide diameter of not greater than 1 0 jim. 

3. The interiayer film for laminated glass according to Cteim 1 or 2 wherein the sodium salt in said interiayer film has 
a particle diameter of not greater than 5 ^im. 

20 4. The interiayer film for laminated glass according to Claim 1 , 2 or 3 wherein the concentration of sodium in the inter- 
iayer film is not greater than 50 ppm. 

5. The Interiayer fam for laminated glass according to Claim 1 wherein the particle diameter of the potassium salt in 
the Interiayer film is not greater than 5 jim. 

6. The interiayer film lor laminated glass according to Claim 1 or 5 wherein the concentration of potassium In the inter- 
iayer film is not greater than 100 ppm. 

7. The interiayer film for laminated glass according to Claim 1 , 2, 3, 4. 5 or 6 which comprises a compound capable 
30 of forming a complex with sodium and potassium salts. 

B. The Interiayer fHm for laminated glass according to Claim 1 . 2, 3. 4. 5 or 6 which comprises an organic acid com- 
patible wim the resin and piasticizer and an amine compatible with the resin and plasticizer. 

35 9. The interiayer fHm for laminated glass according to Claim 1 , 2. 3, 4. 6. 6. 7 or 8 which comprises at least one mem- 
ber selected from the group consisting of alkali metal salts and alkaTine earth metal salts, 

10. The interiayer film for laminated glass according to Claim 9 wherein the alkaB metal salt has a particle diameter of 
not greater than 3 \im and the alkaline earth metal salt has a particle cfiameter of not greater than 3 jim. 

^ 11 The interiayer fSm for laminated glass according to Claim 9 or 10 wherein the alkali metal salt is an alkali metal salt 
* of an organic acid containing 5 to 16 cart>on atoms and the alkaline earth metal salt is an alkaline earth metal salt 
of an organic acid containing 5 to 16 cart)on atoms. 

45 12. A laminated glass comprising at least one pair of glass sheets and, as Interposed therebetween, the interiayer film 
according to Claim 1 , 2, 3, 4, 5, 6, 7, 8, 9. 10 or 1 1 . 



so 
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